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PREFACE 


Tuts book has proceeded haltingly, as must be evident 
in many places, for it attempts to explore and describe a field 
that is not well illuminated. The actual examination of 
those mental functions which are relatively dissociated from 
general intelligence has not been carried far by experimental- 
ists. However, the problems have been sufficiently formu- 
lated, and enough evidence has been secured, to warrant 
attempts at gleaning implications for education, even now. 

Mine is the comparatively humble task of bringing to- 
gether in an ordered presentation the works of original in- 
vestigators, in such a way that they will be available for 
application. The appeal of the data is above all to educators, 
but also, of course, to those who deal in any office with human 
beings. 

The chief difficulty in organizing the subject has been to 
delimit it, as regards the psychology of the elementary school 
subjects on the one hand, and mental measurement on the 
other. It is not the purpose to cover either of these fields 
in the present volume. Yet so closely are they related to the 
study of special aptitudes in school children that it will be 
scarcely possible to obtain the very clearest view of what is 
here written without additional knowledge of these matters. 

It will be observed, also, that there has been no attempt here 
to teach introductory psychology. It is assumed that readers 
of this volume will be acquainted with the vocabulary of 
elementary psychology. The time has definitely passed when 
it was either feasible or desirable to present all topics in a 


single volume. Those who would learn what modern educa- 
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tional psychology has to teach now expect, first of all, to equip 
themselves by study of a general introductory text. 

The lists of references are selected, not complete. To 
present complete bibliographies of all works bearing immedi- 
ately or remotely upon every topic treated would cumber the 
volume inexcusably. References have been selected for these 
lists because they are historically indispensable, because they 
contain information of fundamental importance, or because 
they summarize much previous work. I believe that the 
selection is such that from the books and articles listed it will 
be possible for the student who wishes to do so, to construct 
the complete bibliography and history of each topic, up to 
the present time. 

The hundreds of teachers who have sat in the lecture room 
of Professor E. L. Thorndike will see how many guiding 
suggestions for this volume have come from that source. 
Professor W. A. McCall has given counsel on certain chapters. 
Many investigators and publishers have extended courtesies, 
which are acknowledged through the references, and to which 
attention is here gratefully directed. I am indebted to 
Dr. John S. Richards, Medical Superintendent of The Chil- 
dren’s Hospital, Randall’s Island, New York, and to 
Mr. L. L. Kolburne, student at Teachers College, for assist- 
ance in securing illustrative material for Chapter VII. 
Finally, I have enjoyed the advantage of editorial super- 
vision by Professor M. V. O’Shea. 

My chief hope for the volume is that it may contribute 
toward the welfare of school children compelled to attend 
upon prescribed education, without due regard for their idio- 
syncrasies of original endowment. 


Leta S. HOLLINGworRTH 
TEACHERS COLLEGE 
CoLumBIA UNIVERSITY 
May, 1923 
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EDITOR’S INTRODUCTION 


WHEN the writer of this introductory note began teaching, 
it was popularly believed that a pupil who showed special 
excellence in intellectual work or in some particular study 
owed his superiority to a faithful and energetic will which 
held him to his tasks until he had mastered them thoroughly. 
It was generally believed, also, that marked deficiency in 
school work as a whole or in a special subject was due prin- 
cipally to a lethargic or indifferent will which could not resist 
distractions and temptations to self-indulgence. In those 
days, pupils were upbraided and even physically chastised if 
they failed to prepare the lessons which were prescribed for 
them in any study. The writer has often seen pupils whipped 
because they failed in their spelling, arithmetic, reading, 
history, or grammar. When punishment was administered 
in the school it was frequently repeated in the home, since 
parents quite generally entertained the view that failure to 
perform intellectual tasks satisfactorily was due to negligence 
or laziness, and it was thought that the best way to correct 
such delinquency was to arouse the will, usually by means of 
dermal stimulation. In his early experience as a teacher, 
the writer never heard, either in training classes or in teachers’ 
institutes, that pupils possessed special talents or defects which 
were certain to be manifested in their school work because 
they were established by native endowment which could not 
be modified to any large extent by rewards or penalties. 

But we are gradually abandoning the view that either 
brightness or dullness in general or in special directions is due 


primarily to volitional control or the absence of it. During 
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the last few years, experimental studies have impressed the 
principle that individuals differ in their inheritance of special 
capacities. Dr. Hollingworth shows in this volume how far 
we have gone in the detection of special talents and defects, 
with particular regard to the work of the school. She shows 
in preliminary discussion what notions people have entertained 
regarding the nature of ability, and then she discusses methods 
of measuring ability, alike of a general and of a special sort. 
She discusses the bases for differences among individuals in 
ability in respect to various intellectual traits or functions. 
Then she presents in detail what is known to-day regarding 
special talents and defects as revealed in the more important 
subjects taught in the schools. 

We believe in these times that the school should to the fullest 
extent provide opportunities for each pupil to develop his 
talents as completely and as rapidly as possible. It is still 
required in most public schools, though, that pupils in any 
group should be kept quite close together in their educational 
progress, even when they show marked differences in ability 
in particular subjects or in the entire work of the school. 
But the pressure is becoming constantly greater to arrange 
school programs so that pupils may go forward as rapidly as 
their abilities, either general or special, will enable them to do, 
while those who are deficient may receive help according to 
their needs. There are already a number of experimental 
schools and school systems in which the principle of individual 
differences in ability is recognized and applied to a greater 
or less extent. One may safely predict that we shall find a way 
in time so that the principle may be recognized and applied in 
all public schools. 

Dr. Hollingworth’s book lays a sound foundation for the 
differentiation of pupils in a school or classroom according to 
special abilities or deficiencies. It can be read by teachers 
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who have not had extensive study of educational psychology 
or statistical methods of investigating such problems as are 
treated in this volume. The book is written in a graceful 
style, and technical matters are discussed in an unusually 
clear, simple, and attractive way. It may be confidently 
asserted that any teacher who has charge of thirty or forty 
pupils — or a smaller or larger number — will be helped to 
understand individual traits of excellence or deficiency if she 
will read what Dr. Hollingworth has presented in this volume. 
It may be safely stated, also, that a teacher will be more 
sympathetic toward pupils who experience difficulty in master- 
ing special subjects of study if she will become familiar with 
the facts and conclusions which this book contains. 


M. V. O’SHEA 


THE UNIVERSITY OF WISCONSIN 
May, 1923 
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SPECIAL TALENTS AND DEFECTS 


CHAPTER I 


PRELIMINARY DISCUSSION 


I. SPECULATION CONCERNING THE NATURE OF ABILITY 


SINCE reflective men began to record their speculations, 
theories have been expressed concerning the nature and rela- 
tionships of mentalfunctions. Plato in The Republic contem- 
plated the importance of knowledge in this field. ‘‘Come 
now and we will ask you a question: when you spoke of a 
nature gifted or not gifted in any respect, did you mean to 
say that one man will acquire a thing easily, another with 
difficulty; a little learning will lead the one to discover a 
great deal; whereas the other, after much study and appli- 
cation, no sooner learns than he forgets; or, again, did you 
mean that the one has a body which is a good servant to his 
mind, while the body of the other is a hindrance to him? 
Would not these be the sort of differences which would dis- 
tinguish the man gifted by nature from the one who is un- 
gifted?” 

In The Republic the use of mental tests to discover the 
caliber of the mind is foretold. “We must watch them 
from their youth upwards, and make them perform actions 
in which they are most likely to forget or to be deceived, 
and he who remembers and is not deceived is to be selected, 
and he who fails in the trial is to be rejected. That will be 
the way ?” 
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Aside from the speculations of scholars, folk-notions as 
expressed in proverbs are interesting, especially as showing 
what men wish were true concerning human talents and 
defects. Many of these proverbs embody the idea of a com- 
pensatory distribution of abilities: if I am weak in one re- 
spect, I am sure to be strong in another; if I am a failure now, 
I shall probably be a success later on. “Every dog has his 
day.” ‘‘Homely in the cradle, handsome at the table.” 
“Slow but sure.” ‘‘ Easy come, easy go.” This doctrine 
of compensation satisfies certain cravings of human nature, 
and is therefore likely to be held wherever people have not 
given impartial attention to the results of experimental in- 
vestigation. : 

Folk-wisdom has also seen men under mental types. Ac- 
cording to the theory of types, the human species is divided 
into separate categories, with respect to mental constitution. 
There would thus be the musical and the unmusical, the quick 
and the slow, the imaginative and the unimaginative, the 
eye-minded and the ear-minded, and so forth. The observ- 
able complexities of behavior have further led to the descrip- 
tion of a given person by a combination of type-terms, as, 
for example, “‘quick-musical-imaginative,”’ or “‘mathematical- 
accurate-unimaginative.” Persons thus classified by types, 
are thought to be of “different kinds,” “‘equal’’ but “‘unlike.” 
Two persons are thus compared as an apple is compared to 
an orange. Both fruits are “equal,” but of “different types.” 
People, according to this conception of human nature, are 
not thought of as differing from each other simply in 
amount, as an apple is compared with a larger, a smaller, 
or a sweeter apple. Comparison in terms of amount is 
disagreeable in some respects, so that uncontrolled spec- 
ulation would surely tend to favor the theory of distinct 
types. 
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Type-terms have also been invented for temperament, — 
sanguine, choleric, melancholic, phlegmatic. The idea under- 
lying this classification is that everyone belongs to one or 
another of these distinct temperamental types, and, further- 
more, that there is a relationship among types which war- 
rants fixed hyphenated categories. 

The mental traits or “faculties” thus classified and hy- 
phenated are conceived as entities, having each its distinct 
existence in the individual mind, and being susceptible to 
general training and strengthening, by prescribed exercises. 
Thus it has been believed that ‘‘the observation’? may be 
developed by exercises with particular materials, so that all 
materials whatsoever will be observed equally or approxi- 
mately as well. 

Speculation has been much occupied, as the history of 
human thought shows, with the problem of the origin of in- 
dividual endowment. Many different possible explanations 
were proposed, before the day of quantitative measurement 
in psychology. It has been surmised that mental endow- 
ment is the result of prenatal influences, the wishes and en- 
vironment of the mother, during the period of gestation; 
or that it is the result of education; or that it arises from 
the physical accidents met with by the organism; or that it 
may be inherited from ancestors, as physical traits rather 
obviously are. On the whole, speculation has favored the 
notion that mental endowment originates in the environ- 
ment. The idea that ability is hereditary, determined for 
each by the conditions of ancestry, is repugnant. Man pre- 
fers to consider that he can himself determine what he will do 
and be. This doctrine will not be tenable if it is admitted that 
talents and deficiencies are determined in the germ-plasm, 
from which the organism springs; that man can only use, 
not choose, his mental endowment. 
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II. RESULTS OF QUANTITATIVE INVESTIGATION 


Many of the cherished hopes and desires of mankind con- 
cerning itself are in some part violated by the teachings of 
scientific psychology. Experimental psychology is not yet 
half a century old, dating its beginning as a technical science 
from the founding of Wundt’s laboratory at Leipzig, in 1879. 
Therefore, it is clear that the study of these problems by quan- 
titative methods brings us very close to the present day. 

When the problem of measuring mental capacity was first 
taken into the laboratory, the modern definition of a mental func- 
tion began to be formulated. Itbecame apparent that a mind 
must be judged by its product. The measurement of per- 
formance is the only approach there is, or probably ever will 
be, to the measurement of mind. On this basis it was found 
impossible to identify or measure any such function as “the 
reason,” “‘the memory,” “the observation,” “the imagina- 
tion,” “‘the will,” and similar supposed entities. A mental 
function came to be defined as “‘an actually or possibly observ- 
able event in behavior.” Thus, memorizing digits, detecting 
absurdities, and reading English print are examples of mental 
functions, in the sense in which the term is used throughout 
the chapters of this discussion. 

Other terms which are used to refer to performances or 
“events in behavior,” are abilities and capacities. A pro- 
longed discussion might be conducted, in an attempt to as- 
sign different technical meanings to these words, and to bring out 
fine shades of distinction among them. For instance, it might 
be claimed that “ability” should be reserved to signify ca- 
pacity plus the skill acquired by practice, if any; while 
“capacity”? should mean the innate aptitude, apart from all 
training. However, since capacity in this sense can never be 
known, but can only be inferred from the degree of actual 
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performance, under controlled conditions, it hardly seems 
necessary to maintain such distinctions for our purpose. 
Refinements of nomenclature will, therefore, be avoided, and 
the terms mental function, capacity, and ability will be used 
interchangeably, to denote performance which depends on the 
inborn integrity and sensitivity of the individual. 

By way of clarifying the definition of a mental function as 
“‘an actually or possibly observable event in behavior,” we 
may quote from Spearman’s presentation of the distinction 
between “observation”? as a mental function, and “‘observa- 
tion of birds’ nests.” Spearman says: ‘‘Suppose, for instance, 
that a school boy has surpassed his fellows in the observation 
of birds’ nests. His victory has, no doubt, depended in part 
on his capacity for the general form of activity known as 
‘observation.’ But it has also depended on his being able 
to apply this form of activity to the matter of birds’ nests; 
had the question been of tarts in the pastry cook’s window, 
the laurels might well have fallen to another boy. A further 
influence must have been exercised by the accompanying cir- 
cumstances; to spy out nests as they lie concealed in the 
foliage is not the same thing as to make observations con- 
cerning them in the open light of a natural history museum. 
Again, to discover nests at leisure is different from doing so 
under the severe speed limits prescribed by the risk of an in- 
terrupting gamekeeper. The boy’s rank may even depend 
largely on the manner of estimating merit. Marks may be 
given either for the gross number or for the rarity of the nests 
observed; and he who most infallibly notes the obvious con- 
struction of the house-sparrow may not be the best at 
detecting the elusive hole of the kingfisher.”” One cannot, 
therefore, identify and measure “observation.” One can 
only measure “observing birds’ nests, of all kinds, at leisure,”’ 
or ‘‘observing rare birds’ nests, under stress of pursuit,”’ 
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and so forth, which are ‘“‘actual or possible events in 
behavior.” 

As one may glean further from Spearman’s discourse, it 
has been shown that most of the mental functions performed 
by men are not elementary, but consist of the codrdination 
of complex factors, capable of analysis. Reading the English 
word “‘cat’’ from a printed page is, for instance, a very com- 
plex function. 

The application of quantitative methods to the study of 
mental functions as thus defined, quickly revealed the fact 
that human beings, sampled at random, in large numbers, 
do not fall into distinct types. On the contrary, they yield 
one unbroken curve of distribution in the function measured, 
clustering around a single type (or mode). In all mental 
functions which have been measured, there has been found 
but one type — the average human type — from which the 
individual members of the species deviate in degree (though 
notin kind). The majority of individuals deviate but slightly 
from this biologically established type or mode. “The typ- 
ical” in ability is, indeed, by definition, what the greatest 
number of people cam do. From this performance of the 
average or typical person, a few individuals deviate widely 
in the direction of superiority, while a corresponding few 
deviate widely in the direction of inferiority. No doubt the 
conspicuousness, because of their infrequency, of extreme 
deviates in respect to any given function (or capacity) has 
led to the notion of separate types of mankind. Mental 
measurement shows clearly that men cluster closely around 
one type in mental traits, just as they do in such physical 
traits as height and weight. All men can be no more di- 
vided into the dull and the bright, than they can be divided 
into the talland the short. The eye can see that most 
persons are best described as medium, in height, 
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This principle of one type, with deviations in both direc- 
tions from it, in a measured trait, holds throughout organic 
nature. The study of it in all its bearings is called the study 
of individual differences. When the traits involved are men- 
tal, we speak of the psychology of individual differences. It 
is One of the marvelous facts about human beings that of all 
the millions born, no two are just equal in possession of a 
given trait, except by chance; and no two are identical in 
their combinations of traits, for the infinite possibilities of 
permutation practically exclude identity by chance. These 
combinations, which go to make up personality, are combina- 
tions of amounts of the same traits. This must be clearly 
understood. The mental classification of men under differ- 
ent “kinds” isa myth. All show the same kinds of functions ; 
but they show all degrees of performance in these functions, 
within limits which are extremely wide, with multitudinous 
possibilities of combinations of functions, in different amounts 
of each. 

There are, therefore, not types. There is one type — the 
typical or most frequently occurring amount of performance 
in a function — from which there is divergence among the 
individuals born, in various degrees. Is it possible to con- 
struct a picture of this fact, so that it may become concrete 
through visual representation? Psychologists have given us 
many such pictures, in the forms of curves platted from their 
measurements. We may cite as an example, Seashore’s curve 
of distribution for the ability to discriminate among inter- 
vals of time, which is one element in musical sensitivity. 
Seashore measured a large number of adults in this respect, 
with the result that is pictured in Figure 1. 

Where the curve rises to its greatest height, at its peak, 
there the greatest number of those measured fall in respect 
to this function. That is, therefore, the human type, in 
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sense of time. The typical individual has that amount of 
this trait. On each side of the type fall deviating persons, 
their frequency decreasing rapidly as the amount of deviation 
becomes greater. Very few persons in ten thousand have 
that amount of sensitivity to time represented by 95 — 100; 
and, on the other hand, very few are so inferior as to fall at 
the lowest point measurable on this scale. The typical per- 
son has that amount of the trait represented by 85-75, 
approximately. Distinct types, such as ‘“‘sensitive” and 
‘‘insensitive,’ do not appear, as a result of mathematical 
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Fic. r. — Distribution of ability to discriminate among intervals of time, the subjects 
being adults. (From Seashore’s The Psychology of Musical Talent. Reproduced by 
courtesy of Silver, Burdett and Company, and of The Columbia Graphophone Company. ) 


distribution. But a few extreme deviates from the typical 
appear, — the superior in sensitivity and the inferior in 
sensitivity. 

Occasionally it is possible to illustrate in nature, to the eye 
of the man untutored in the derivation of scientific laws, the 
form of this distribution. This happens, for example, when 
a very large flock of birds rises and passes overhead, during 
migration. Being tested in flight, the birds will be seen dis- 
tributed somewhat as suggested in Figure 2. Not all are 
equally swift and enduring, but they deviate from a single 
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type or mode — the great median mass of birds, which are 
typical of this species, in respect to the function of flight. 

The same phenomena of distribution appear if a thousand 
wild horses run a race, or if a hundred unselected swimmers 
swim in competition. They appear whenever non-select or- 
ganisms of a single species are submitted to an adequate test 
or measure of any function of endowment. The curve ap- 
proximates that form which mathematicians tell us results 
when an infinite number of factors act together in an infinite 
number of ways. 

We have spoken thus far of the distribution of individuals 
in a single kind of performance. What does quantitative 
psychology teach with respect to the combination of per- 


ga = 
rrr PF = Kaas — oF. 


Fic. 2.— Flight of birds, illustrating distribution in ability to fly. (Schematic.) 


formances in a given personality? Is it true, as folk-wishes 
would have it, that abilities are distributed among us by a 
law of compensation? Is the slow man’s slowness offset 
by accuracy? Does the quick learner lose his learning more 
readily than the slow learner? Is he who excels in arith- 
metic likely to be surpassed at spelling? The general con- 
sideration of these questions, which form the topics of this 
volume, will be found in the chapter which follows. It will 
be seen that there is no law of compensation in human 
ability, however much we may long to find it there. 

As for the origin of talents and defects, psychology teaches 
that*mental endowment in human beings is conditioned by 
ancestry, just as other traits of organisms are. Mental ca- 
pacities are inherited through the germ-plasm. A child is 
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gifted (if he is so) for the same reason that he is an Eskimo 
(if he is one) — because some or all of his ancestors carried 
those traits in their germ-plasm, and the combination of 
them in just that way was possible. 
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CHAPTER II 


THE RELATIONSHIPS AMONG CAPACITIES 


I. THE COEFFICIENT OF CORRELATION 


THE question is: How are mental capacities mutually re- 
lated, with regard to amounts of each found in given indi- 
viduals ? 

Before verifiable facts can be established in a field of knowl- 
edge, it is necessary to introduce therein methods of enu- 
meration and measurement. The question above propounded 
has waited long for answer, because of the great difficulty of 
applying mathematics to mental phenomena. ‘The answer 
required first that single functions be accurately scored, and 
then that a measurement be obtained of the relationship 
between and among the single functions. 

It seems well agreed that the quantitative determination 
of the relationship between and among mental characteristics 
began with Galton, about 1885. Various scholars have pre- 
sented discussions of the subject since then, notably Baer- 
wald in 1896, Spearman in 1904, Stern in 1911, Meumann in 
1913, and Thorndike in 1913, each of whom summarized the 
findings up to the time of writing, with original interpreta- 
tions. 

The methods of quantitative measurement used to study 
the constitution of mental abilities, or functions, as related 
to each other, are chiefly those of correlation — simple cor- 


relation, multiple correlation, and partial correlation. 
A i & 
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It is not within the scope of the present volume to give 
consideration to these methods as such. Highly technical 
instruction in the theory and practice of measurement is 
necessary for complete understanding of them. The results 
may be comprehended for our purposes, without complete 
knowledge of the methods. Much of the evidence we now 
have in the matter of relationships among mental functions 
has been obtained by the method of simple correlation. A 
brief exposition of how.a relationship is established between 
two variable functions within a group, by simple correlation, 
will suffice to give a general understanding of the term co- 
efficient of correlation, which is used here, and which fre- 
quently appears in modern texts of educational psychology. 
The interpretation of coefficients of correlation should not, 
however, be undertaken independently without full knowl- 
edge, as competent interpretation for practical purposes must 
take into account all the conditions under which they have 
been derived. 

Below are listed fourteen school children, each of whom 
has been measured in each of two mental functions: (1) men- 
tal age, determined by a standard scale for measuring gen- 
eral intelligence (Stanford-Binet), and (2) spelling ability, 
as measured by a standard spelling scale (Ayres’ scale). 
These children were selected for study, because they appeared 
to be characterized by special discrepancy between the two 
functions. 

We wish now to know whether and to what extent the child 
who falls high in the distribution of mental ages also falls 
high in the distribution of spelling ability. According to 
the formula which is most useful in this case,! we arrange 
these pupils in their order of merit for one of the functions 


6&€d*_ Resemblance equals one minus six times the sum of the differences (in 
n(n* — 1) rank) squared, over the number (of cases) times the number (of 
cases) squared, minus one. 


lp=I- 
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measured, e.g. for mental age. We then find the rank for 
each, within the group, in the second function, which is here 
spelling ability. The difference in rank between the paired 
functions is then found for each pupil, and the correlation 
formula is applied. 


TABLE FROM HOLLINGWoRTH 
Showing rank in each of two mental functions, within a group of fifth-grade 
children, selected for special disability in spelling. The coefficient of corre- 
lation obtained is .o81.1 


Menta AGE SPELLING ABILITY 
NAME Yrs. Mos. Per Cent CorrEcT 
(STANFORD-BINET) Lists Q anD R (Ayres) 
RL 13 7 90.1 
JP 12 5 95.2 
HA 12 2 81.7 
MG anu 6 Bie 
LK se) Io 80.2 
SSh Io 10 77.0 
SS¢ Io 9 81.8 
MS Io 9 34.1 
PJ IO 4 32.6 
HL IO I 58.9 
RH 9 8 93.1 
MU 9 8 57-0 
BN 9 6 92.1 
HR 8 2 81.8 


If there is in fact perfect correspondence, so that each 
pupil holds the same rank on the distribution in both func- 
tions, a perfect positive correlation is obtained, the coeffi- 
cient of correlation being expressed as 1.00. If no relationship 
at all exists between the two functions measured, so that 
nothing whatever can be predicted of cither from knowing 
about the other, the coefficient of correlation will be o.00.? 


2 . . 
aoe Formula explained, opposite page. 
< n(n? —1 : c : 
2Thompson has recently shown that a coefficient of zero does not necessarily meari 
absence of relationship between two factors. There might be a strong influence making for nega- 
tive correlation, and at the same time an equally strong influence making for positive correlation, 
which might, by just counterbalancing each other, produce a spurious effect of no connection 


at all, namely, a coefficient of 0.00. 


lp =iI— 
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If there exists a perfect negative relationship, so that the 
person who stands highest in one stands lowest in the other, 
and so forth through the series, in a perfect inverse standing 
of all members, then a coefficient of correlation expressed by 
— 1.00 is obtained. 

In the sample given, the coefficient of correlation obtained 
is .o81, which not being reliably greater than zero (because 
of possible error due to the smallness of the group and other 
conditions) tells us that the two functions are in this case re- 
lated to each other only very slightly, if at all. The child 
who stands above the average of the group in mental age, may 
or may not stand above the group average in spelling. With 
a relationship so far from unity as is expressed by a coef- 
ficient of .o81, we may expect to find in this group compara- 
tively intelligent children who are very poor spellers, and 
good spellers who stand low in mental age. Among children 
taken at random, however, a different relationship exists 
between spelling ability and general intelligence, as repre- 
sented by mental age. The positive correlation is much 
higher among children not selected, as these were, for an ob- 
served discrepancy. 

At the present time the more elaborate methods of partial 
correlation and multiple correlation are being applied to the 
study of relationships, where more than two functions are in- 
volved. Into the intricacies of these we shall not enter, ex- 
cept as concerns their results. 


II. GENERAL INTELLIGENCE 2s. SPECIAL APTITUDES 


The original attempts to apply mathematical formule to 
the study of relationship among mental traits eventuated in 
divergent hypotheses. In England, Spearman, with his stu- 
dents and collaborators, interpreted his researches to mean that 


THE RELATIONSHIPS AMONG CAPACITIES 15 


there is in mental constitution a “general factor,’ which shows 
itself in all the performances of a given individual. This 
would render relatively predictable the quality of perform- 
ance in all functions, from knowledge of performance in one 
function. “All branches of intellectual activity have in com- 
mon one fundamental function (or group of functions), whereas 
the remaining or specific elements of the activity seem in 
every case to be wholly different from that in all others. . 

The function almost entirely controls the relative position 
of children at school (after making due allowance for differ- 
ences of age), and is nine parts out of ten responsible for suc- 
cess in such a simple act as Discrimination of Pitch. . . . Its 
relation to the intellectual activity does not appear to be of 
any loosely connected or auxiliary character (such as willing- 
ness to make an effort, readiness in adaption to unfamiliar 
tests, or dexterity in the fashion of executing them), but rather 
to be intimately bound up in the very essence of the process.” 

Spearman noted that, though all functions seemed related 
to this ““common factor,’ they were not all equally related 
in his results; wherefore he formulated the concept of a hier- 
archy of relatedness. Discussion as to the essential nature 
of the fundamental factor was reserved, but it was predicted 
from the correlations made that ‘‘general intelligence” could 
and would be measured for practical purposes. ‘This inter- 
pretation was based upon the fact that among abilities which 
yielded to his measurement, Spearman could find only pos- 
itive coefficients of correlation, when the groups were large 
and the human beings non-select. 

In the United States, Thorndike and his collaborators 
were most struck by the fact that the coefficients obtained fell 
short, i many cases far short, of unity. They laid stress upon 
the imperfection of the relations revealed, and were able to 
show that between some functions, such as discriminating 
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among the lengths of lines, and others, such as naming the 
opposites of words, the correlation dropped in groups investi- 
gated to approximately zero. 

As a result of interpretation from their point of view, they 
wrote as follows: ‘‘One is almost tempted to replace Spear- 
man’s statement by the equally extravagant one that there 
is nothing whatever common to all mental functions, or to 
any half of them.’ They maintained that mental functions 
are specialized, and that when excellence in one is correlated 
with excellence in another, ‘‘this is due chiefly to the fact 
that the two involve identical elements in their execution. 
It is not due to one and the same ‘faculty,’ which presides 
over their activities.” 

These two divergent interpretations of the same array of 
data have been cited, because the controversy involved is 
of first rate importance for mental measurement, for the 
understanding of individuals, and for education. The 
controversy now appears to have been one of emphasis. To 
recapitulate, Spearman stressed the positive aspect of the 
coefficients found, and declared mental traits to be distributed 
so that status in one is predictable from status in another. 
Thorndike emphasized the reduction from unity of the co- 
efficients, and formulated the hypothesis that there is no ab- 
solutely predictable coherence among mental functions, that 
each is special to itself within an individual. No laboratory 
scientist has ever found reason for adding a third side to the 
controversy, by advocating seriously that mental traits are 
compensatory in relation to each other. Negative coefficients 
of correlation have never been found, except occasionally by 
chance or selection.'. All know that the correlations among 
amounts of traits are positive. It is the reduction from unity 
which has caused the disagreements of interpretation. 


1A curious case of negative correlation between cancellation and other tests has been 
reported by McCall (see references), 
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During the twenty years which have elapsed since the first 
interpretations were set forth there have been modifications 
of each hypothesis, in the direction of mutual reconciliation. 
This has come about through extended researches by many 
inquirers, furnishing additional data. 


IiI. CORRELATION OF ABILITIES IN VARIOUS GROUPS 


Some of the significant studies of correlation made since 
Spearman and Thorndike proposed their conflicting inter- 
pretations, have been cited in the appended list of references. 
Two samples of the results of these studies are herewith pre- 
sented. The first is from Simpson’s study of mental tests 
given to two groups of adults, chosen respectively from the 
opposite extremes of competency, as shown by social-economic 
success. One group was composed of successful professional 
educators. The other was composed of unskilled laborers 
and unemployed men. The table on page 18 shows how 
the traits measured cohere among these individuals. The 
coefficients are positive, in the majority of cases highly so. 

The second sample is from Weglein’s study of standing in 
school subjects, among high school pupils. 

Bearing in mind that, if no mutual relationship’ exists 
among the abilities considered, coefficients of correlation will 
approach zero, it is clear that there is decided positive, but 
not perfect, correspondence. The wider the range of com- 
petence tested, the greater the correspondence found. High 
school pupils (from among whom those having very little 
ability for the subject matter taught have already been elim- 
inated) show smaller coefficients than do the persons meas- 
ured by Simpson. If all adolescents in existence were 
obliged to study the subjects listed by Weglein, and if the 
resulting grades were then correlated, the coefficients would 
be notably higher than those recorded. 
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TABLE FROM SIMPSON 


PEARSON COEFFICIENTS OF CORRELATION (CORRECTED FOR ATTENUATION) 


Correlations of abilities in two selected groups, and in the two treated as one group. 
In the case of each test the heavy-face figure given first is for the Good and Poor 
together, divergences being measured from the median of the 37 individuals. The 
second figure is for the Good group, divergences being measured from its median. The 
third figure is for the Poor group. 


Ebbinghaus test . 
Hard Opposites . 
Memory of Words ; 
Easy Opposites . 

A Test . 

Memory of Passages 
Adding . 
Geometrical Forms . 
Learning Pairs 
Completing Words . 


Drawing Lengths 


Estimating Lengths 
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TABLE FROM WEGLEIN 


Coefficients of correlation between school subjects (teachers’ marks) in 
the case of 59 high school pupils. 


ACADEMIC GROUP 


Enc. I Atc. I Hist. I Latin I DRAWING 
EnglishI ... 522 .20 19 537 
Algebra I... 222 42 65 .09 
History I... .20 42 .S7 Site 
AGA LN Meee -19 65 ao] —).22 
Drawing.... =37 -09 51g 2D 


COMMERCIAL GROUP 


Enc. I BKK. Com. AritH. | STENOG. | TyPEwR. | DRAWING 
nglishel myc es .69 “52 54 .50 ail 
Bookkeeping ..... .69 .66 .48 .50 50 
Com. Arithmetic..| .52 .66 .38 IO ae 
Stenography ..... 54 .48 .38 Ap 20 
Typewriting...... .50 .50 52 51 AER 
Dravyine esr -0a 5-2 a5 250 5 | 20 og 


These are fair samples of the results of studies in corre- 
lation, among mental functions, in groups of individuals more 
or less select. Even physical traits, like height and lon- 
gevity, have been found to give slight positive correlation with 
mental traits. Evidently there is a general organic quality, 
which shows itself to some extent wherever the individual 
is fairly tested or ‘“‘sampled.” 


IV. STUDIES OF DISORGANIZING MINDS 


Another series of attempts at the solution of this prob- 
lem has been made through observations upon deteriorating 
minds. The question is, Do mental functions deteriorate 
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together or separately in dements? When a person is “los- 
ing his mind,” is the impairment general or selective in its 
progress ? 

The study of demented persons had been carried on by a 
few investigators in the hope that the decay of capacities 
might throw light upon their relationships. The chief ob- 
stacle to study from this approach has been that the investi- 
gators have never been able to know the original mentality 
of their subjects. They have always been obliged to make 
assumptions. It is difficult to see how this factor may be 
controlled, short of filing careful mental analyses of great sec- 
tions of the population in youth. The chief conditions in 
which decay of ability is most probably present, as distin- 
guished from decay of effort and attitude, are senile de- 
mentia, dementia paralytica, and alcoholic psychosis; and 
it cannot be known beforehand which persons are destined 
to represent these conditions. It cannot be predicted who 
will live long enough to become senile, who will contract syph- 
ilis, eventuating in general paresis, or who will be a chronic 
alcoholic. It is true that original mental status may be in- 
ferred with a moderate amount of accuracy from school status 
attained. If the dements studied had all been high school 
graduates, for instance, then we could be certain that the 
‘performances shown in the recorded studies really represent 
deterioration. 

Unfortunately, the subjects of study have been, with rare 
exceptions, persons of elementary education and humble social 
status. They come from those sections of the education- 
occupation distributions, where very limited capacity is found. 
Therefore, we are rather uncertain as to how much deteri- 
oration from original status has really taken place. So far 


as actual figures go, it is not shown that there has been decay 
of intellect. 
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However, assuming that these segregated persons had actu- 
ally deteriorated in their ability to perform tasks, let us in- 
quire what the researches show. Binet and Simon worked 
with forty adults, classified as senile dements or as victims 
of dementia paralytica. They conclude that “Every dement 
has an intellectual level below normal,” as measured by tests 
of general intelligence. The limitations of dements are, never- 
theless, qualitatively different from those of other incompetents 
(children and the feebleminded); and the reactions of the 
senile differ from those with dementia paralytica. Of the 
victim of dementia paralytica they say, ‘“‘He has not tumbled 
down the ladder of development, rung by rung. His is a 
difficulty of functioning.” “It is characteristic in these losses 
of functioning that the subject knows how to meet the prob- 
lem submitted to him; he has the knowledge, but from time 
to time the power fails him.” This znertia of comprehension 
is general, and has the effect of lowering the total level of per- 
formance, though the particular items of failure and success 
may vary markedly from occasion to occasion. It is hardly 
the same thing as actual decay of a structure. Thus one 
cannot predict the responses of these dements, as one can those 
of other incompetents, like children and imbeciles, because 
their errors and failures have a remarkable degree of incon- 
sistence. ‘‘In a general way, one can hardly foresee how 
such a one is going to conduct himself, for special failures and 
successes are at such variance with the general level.” ‘‘ Gen- 
eral paralytics are hardly able to perform the hundredth 
part of what they know.” 

Senile dements are different, in that they actually no 
longer know. The structure itself has been demolished, not 
merely has it been paralyzed as to function. According to 
the observations of Binet and Simon the abilities of senile 
dements as a group are by no means equally impaired, They 
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cannot remember events nor learn new things, yet they retain 
the power of auto-criticism, many complaining that they no 
longer “know anything.” They may be degraded to the 
level of early childhood in ability to repeat digits, yet retain 
use of the vocabulary of a superior adult. 

These observations are extremely suggestive, but they lack 
statistical validity, being limited to narrative descriptions. 
It is true that one who has worked much among dements 
in a practical way, recognizes the pictures drawn by Binet, 
of persons decayed in some functions, yet ‘‘surprisingly pre- 
served” in others. Proof of the extent to which this charac- 
teristically happens would necessarily be derived from tests 
of large numbers of cases, treated mathematically, and not 
by the method of narrative. 

Hart and Spearman more recently presented a study of 
sixty-one insane persons,! asking the question, ‘‘Does an in- 
sane person present, as a rule, much greater inequality of 
performance than a sane one?” Recognizing the error from 
not knowing the original status of the presumably dete- 
riorated minds, in all the various functions to be tested, the 
attempt was made to allow for this by testing in the same 
way thirty-three sane persons, selected presumably to repre- 
sent what the insane were like before they became alienated. 
Nineteen mental functions were thus tested, and the results 
were then treated by the method of correlation, the assumption 
being that if there were greater inequality among mental func- 
tions in the insane (that is to say, among deteriorated minds) 
than among the sane, this would show itself in diminished 
coefficients of correlation. 

It is interesting to consult the original tables of data, which, 
however, will not be presented here. The conclusion reached 


; Le Insanity and dementia ” seem to be synonymous, as used by Hart and Spearman. But 
in American texts “‘ dementia ” is limited to mean intellectual deterioration. 
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is that ‘‘The inequality between the powers of the same per- 
son for different kinds of performances does not appear to be 
appreciably greater in insanity than in health, nor in one of 
the forms of insanity tested than in another. Thus, in the 
main, the mental injury appears to be of a perfectly diffuse 
character, or to constitute a lowering of the whole intellectual 
level . . . Over and above this general impairment, elaborate 
methods can also detect certain damages characteristic of 
particular maladies. These are very narrow and _ specific 
in kind, but probably may be correspondingly grave in 
intensity.” 

Spearman thus again maintains his “two factor’ theory 
of endowment — the “‘general factor”? conditioning perform- 
ance as a whole, and “specific factors”? conditioning certain 
mental functions to a much greater extent than others. To 
determine what these special mental functions are, Spearman 
leaves to further research. 

This careful investigation is nevertheless imperfect for the 
purpose, which is to learn whether there is selective enfeeble- 
ment of abilities. It is really impossible to know that de- 
terioration has occurred, unless there have been measurements 
made beforehand. Sane persons, selected from the same 
social stratum, are not entirely reliable as a control, because 
those who are of the psychic constitution destined for insanity 
undoubtedly differ originally from those who remain sane, 
and this difference may involve a difference in mental abil- 
ities, either of amount or of relationship. The degree of de- 
terioration calculated by Hart and Spearman may be merely 
a matter of original differences in central tendency between 
the two groups. 

Here, too, it should be noted that Hart and Spearman mixed 
a variety of psychoses (even including an imbecile not de- 
teriorated so far as known), both those that do involve actual 
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decay of ability, and those that involve only disturbances of 
general auxiliary functions, like attitude and effort. Just 
what would be the effect of this mixing upon the correlations 
could be told only if we knew how each form of disorder char- 
acteristically affects the relationship among mental func- 
tions, which is unknown. If mental functions are differently 
selected for impairment in the different forms of psychosis, 
then we should expect diminished coefficients of correlation 
among the insane, because mixing the psychoses would pro- 
duce inconsistency of rank within the group. If, however, 
certain functions were deteriorated in all or nearly all of the 
insane, others remaining intact, or relatively so, this selective 
enfeeblement would not appear in correlation coefficients. 
Facts like those observed by Binet and Simon might be ob- 
scured by the methods of Hart and Spearman. 

Moore, working subsequent to Hart and Spearman, limited 
his investigation to those cases believed by psychiatrists to 
be characterized by real loss of abilities, the dementias: de- 
mentia paralytica, senile dementia, and alcoholic dementia. 
He tested thirty dements, laborers and tradesmen, and, as 
controls, six young men from the same occupational group, 
in the following mental functions: (1) perceiving eight each 
(in a series) of real objects, pictures of objects, printed words, 
and spoken words, referring to real objects of ordinary every- 
day experience; (2) repeating after one exposure of the 
series as much of it as could be remembered without regard 
to sequence; (3) after a minute of mental work at calcu- 
lation, repeating again what could then be remembered of 
the series. Moore then correlated performance within the 
group in each of these functions with that in each of the 
others. The coefficients thus resulting are interpreted as 
follows: “The average of all correlations of perception with 
the various memories is .538 . . . . That the average corre- 
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lation for memory and perception is as high as .538 shows that 
there must be acommon factor present. But its presence does 
not exclude the existence of special forms of mental ability.” 
Moore also correlated perceiving with remembering in the 
functions separately, and remembering immediately with 
remembering after a minute of distraction. These coefficients 
are positive, and mostly high, but not perfect. 

The work of Moore does not seem to go beyond knowledge 
already obtained from study of sane persons. The coeffi- 
cients do not prove that the amounts of deterioration in the 
functions had been equal; or even that deterioration had 
taken place. Moore’s six sane subjects were too few to con- 
stitute a control, and are not referred to as such in treating 
results. Instead, Moore refers the reader to the records of 
subjects in preceding monographs to show that “ the low values 
of these subjects (the insane) are distinctly pathological.” 
This comparison is seen to be invalid, for the subjects referred 
to as establishing the criterion of intactness are professors 
and university students, almost certainly much higher in 
ability by original nature than the insane group. 

Assuming, nevertheless, here also that the subjects really 
had deteriorated, the method of correlation must again be 
brought under criticism as ill adapted to answer questions 
concerning selective enfeeblement. A group of senile dements, 
all high school graduates, might, for instance, be not at all 
deteriorated from their original status in the mechanics of 
reading, but greatly deteriorated in the ability to tell what 
has been read. Yet correlation might result in a positive 
coefficient as high as that found among typical high school 
graduates, if the decay in repeating matter took place in pro- 
portion to the degree of ability originally present in each 
individual. There might be marked selectivé impairment, 
which would be hidden in coefficients of correlation. 
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The problem of selective enfeeblement must be investi- 
gated by computing deviation in various functions from a 
known norm or standard in each; and the person’s original 
status in that function must be known. For such investiga- 
tion senile dements would seem to be the best subjects, since 
in them there is natural decay of functions. It is, however, 
difficult to find very aged deteriorated persons, whose original 
status is known (known, at least, to have been generally high), 
and who have not some sensory ot motor handicap to com- 
plicate performance, such as deafness, failing vision, or 
palsy. 

The net result, for our purposes, of studies so far made of 
mental decay is not very helpful, because (1) the original 
status of the subjects is never known, (2) the psychoses have 
been mixed in experiment, without preliminary test-knowledge 
of the characteristics of each, if any, and (3) the method of 
correlation, which has been used, is not suited to show selec. 
tive enfeeblement of mental functions. Every study made 
has suffered from one or more of these hindrances to inter- 
pretation. The information gleaned from them is much the 
same as that already gieaned from studies of the undeterio- 
rated, namely, that among people (whether sane or insane) 
those who hold a certain rank within a group in one function 
tend also to hold a similar rank within that group in other 
functions. The question of selective enfeeblement of a func- 
tion within a group of the insane remains unanswered. The 
investigators of the demented have, however, made a par- 
ticular contribution in pointing the way to a new source of 
light. For the study of mental decay, when carried on by 
adequate methods, extremely difficult of attainment, is 
sure to throw light on the relationships among mental 
functions. From it we shall learn whether some functions 
remain intact, with impairment of other functions. 
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Vv. IS INTELLECT INHERITED AS A UNIT? 


There are still other approaches to the study of the con- 
stitution of intellect. One is through the investigation of 
heredity. The question is whether intellect is inherited as 
a unit, or whether some different formula is indicated. If 
intellect is a unit character, subject to but one determiner 
in the germ-plasm, then it should act as an ‘‘all or none”’ ca- 
pacity in its appearance among offspring of given matings. 
Children should be separable into distinct groups, each hav- 
ing a different median with respect to intellect, i.e. those who 
have intellect and those who lack it. 

The methods of mental measurement teach us plainly that 
intellect is not inherited in this way. Instead of a broken 
curve, indicating a division of children into those who in- 
herit and those who fail to inherit a unit character, we obtain 
the curve already demonstrated, which is continuous and sym- 
metrical. There is but one diversified group of children, 
with respect to intellect — not distinct groups. 

The inheritance of intellect does not, therefore, follow the 
simple formula of unit characters, as does the shape of peas, 
the color of rabbits’ coats, or eye-color in man. The trait 
we measure and name as general intelligence is a complex, 
resulting from the incidence of a great number of functions, 
acting together in a great number of ways, yet cohering in 
respect to amounts found in given individuals. 

Possibly each of the indefinitely numerous functions, which 
thus appear to act together as man’s intellect, may be a unit 
character, inherited according to Mendel’s formula. Such 
a possibility is at present purely speculative. 

The *puzzle is that a given individual should “hit,” as it 
were, at approximately the same point in the distribution of 
nearly every function. 
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VI. CAN AN INTELLECT BE TRAINED AS A UNIT? 


Studies of the learning process also give light upon the 
organization of capacities. The question here is as to whether 
training in one function spreads equally to all other functions. 
Is it possible to ‘‘train the mind” as a whole? Will it raise 
the proficiency of all performances fifty per cent, if a fifty 
per cent gain is achieved in Latin composition ? 

Numerous attempts have been made to determine the ex- 
tent to which skill acquired in one performance increases skill 
in other performances. The conclusion which emerges from 
these studies is that intellect cannot be trained asaunit. ‘Trans- 
fer of training from one function to other functions is far 
from complete. Apparently, there is spread of improvement 
from practice in a function only to such other functions as 
have elements in common with it. If two performances differ 
in any way, there is something in the second that remains 
untrained by the practice given to the first. If two per- 
formances differ in all respects, the second seems not to de- 
rive any benefit at all from training in the first. 

To a very highly intelligent individual, nearly all situa- 
tions and performances tend to have some identical elements, 
no doubt. To a very dull person, relatively few situations 
or demands present identical elements, for the dull perceive 
only gross similarities and differences. Thus, spread of im- 
provement is without doubt greatest for the innately gifted, 
and least for the innately inferior minds. In connection 
with the present discussion, however, the chief point of in- 
terest is that no mind, of whatever degree of innate integrity 
and sensitivity, can be trained as a unit. Each function 
has elements special to itself, and some functions are very 
highly specialized, as regards the amount of transfer of train- 
ing from them to others, or from others to them. 
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The evidence from learning, therefore, substantiates the 
evidence from heredity, indicating that intellect is not a unit, 
but a complex of many capacities, coinciding mysteriously 
in amount to a very marked extent in an individual. 


VII. THE HIERARCHY OF ABILITIES 


It has been stated that though all, or nearly all, mental 
functions so far measured and correlated, yield positive co- 
efficients, all do not show an equal amount of positive corre- 
lation. Certain mental functions, for example, are shown to 
yield coefficients of as much as .80, for a total correlation with 
others of a series; while some yield coefficients as low as .10, 
approaching absence of relationship. To explain these facts, 
Spearman formulated the concept of a hierarchy of relatedness 
to a “general factor.”’ Those abilities showing slight correla- 
tion with others in series of tests, were thought of as but 
loosely related to “general intelligence,’ and as constituting 
‘‘special abilities.” They might be displayed by persons 
inferior in general, or might be lacking in persons otherwise 
superior. . 

Here again, the facts are not in question. It is admitted 
by all that functions show different amounts of positive 
correlation with one another, and of total correlation with 
members of a series. Not all experts agree, however, with 
Spearman’s theoretical explanation of the phenomena. Thom- 
son has recently shown, by tossing dice of various colors, that 
in this game of chance (in which there is no “general factor,” 
but only many independent factors), hierarchical order of 
correlation coefficients is almost sure to be obtained, for com- 
binations resulting from throws. Thomson, therefore, holds 
that the theory of a ‘general factor,” participating in all the 
separate performances of an individual, is not proved from 
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the facts about correlation coefficients. He proposes the 
following, regarded by him as an alternative: “The mind, 
in carrying out any activity such as a mental test, has two 
levels at which it can operate. The elements of activity at 
the lower level are entirely specific, but those at the higher 
level are such that they may come into play in different ac- 
tivities. Any activity is a sample of these elements. The 
elements are assumed to be additive like dice, and each to 
act on the ‘all or none’ principle, not being in fact further 
divisible.”’ 

It is not quite easy to see that this theory, finally proposed 
by Thomson, which might be termed the “‘two level” theory, 
is very different from Spearman’s ‘“‘two factor” theory, nor 
why the terms “‘higher” and “lower” should be introduced. 
But demonstration of the probability of obtaining a hierarchy 
of correlations simply from the tossing together by chance 
of independent factors, as with dice, adds new data for con- 
sideration. It might be that non-biological principles of 
probability are sufficient to explain the hierarchical order of 
correlations, among many tests administered to a given group, 
just as they are apparently sufficient to account for the par- 
ticular form in which ability in any single test is distributed 
through the human species. 

But if this is so, how account for the consistency with which 
certain abilities, like ability to draw, are repeatedly shown to 
correlate but slightly, while others, like completing sentences, 
repeatedly yield high total correlation? How account for 
the fact that there is marked coherence among certain groups 
of tests, such as “tests dealing with words only,” and “tests 
dealing with numbers only,” as contrasted with the relative 
lack of coherence among “tests, some dealing with number, 
and some with words’? It would seem that these phe- 
nomena must be at bottom biological. It cannot, for instance, 
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be demonstrated that yellow dice and red dice thrown, wher- 
ever and by whomever cast, tend always to correlate high, 
while green and maroon dice tend always to correlate low 
with each other, and with yellow and red dice. Nor can it be 
demonstrated that dice colored, let us say, from one end of 
the spectrum tend always to correlate high among themselves, 
but much lower with the dice colored from the other end of 
the spectrum, wherever and by whomever cast. 

Furthermore, die-casting will not give a relationship in 
which throws resulting in low scores are paired with low scores, 
and so on, from low through high, high scores being also paired 
with high scores, as when organisms are tried. The correla- 
tion among throws of dice arises from a different form of rela- 
tionship, in which the improbable throws, resulting in either 
very high or very low scores, are paired indifferently,! this 
indifference not being able, however, to produce zero corre- 
lation, because of the infrequency of extreme scores. The 
frequently occurring, mediocre scores in both series are, how- 
ever, very similar, the most frequently occurring score for both 
being, indeed, the same. Since the mediocre scores tend to 
occur both frequently and together, because of the laws of chance, 
they produce positive correlations, differing in amount from 
series to series (also because of the laws of chance). But 
when organisms are tested, as has been repeatedly demon- 
strated, the serial relationship between two functions holds 
through high and low, and this, also, must be biological, and 
not explainable by laws of chance. 

The demonstrations from die-casting are extremely sig- 
nificant, as warning us not to depend wholly for our infer- 
ences upon the amount of positive coefficients of correlation, 

1 Becabise of the probabilities in die-casting, every single value for red would have the 
same median value among the throws of yellow, which turn up in connection with it, if enough 
throws are made. This is not what happens in measuring mental traits. For any single value, 


high or low, in one function, the median of repeated measures in the other function is very differ- 
ent, for most traits, from the median for other values. 
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nor the possibility of arranging them in hierarchical order. 
Both of these features of apparent relationship may come of 
chance, within a single series. Other features of relation- 
ship must be examined in the attempt to infer biological law, 
especially the consistency with which given traits correlate to 
a given degree with others, when investigated by different 
examiners, in various groups; and the form of the relation- 
ship, whether all the way from highest to lowest, or only in 
central tendency. 


VIII. PRESENT STATUS OF THE PROBLEM 


Whatever may be the ultimate cause of the manifestations, 
educators are practically concerned with the facts. The 
practical implications for education of knowledge gleaned 
up to the present time, concerning the coherence among men- 
tal functions, have been well stated by Burt, in his recent dis- 
cussion of Mental and Scholastic Tests: ‘The examiner 
should always discriminate between children who are back- 
ward in most subjects, and children who are backward in one 
subject, or limited group of subjects, alone. A child, for 
example, who suffers merely from a specialized disability in 
reading and spelling, such as so-called ‘word-blindness,’ is 
to be carefully distinguished from one who is in every respect 
mentally defective. 

““As I have shown in memoranda previously published, 
educational attainments depend largely upon capacities of 
two kinds: first, a common or general capacity, entering 
into every subject in different degrees, but best exhibited in 
those that need thought-processes of a higher order, such as 
the comprehension of reading matter among young children, 
and, among older children, problem arithmetic and literary 
(or rather logical) composition; secondly, specific capabili- 
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ties — such as arithmetical ability, linguistic ability, manual 
ability, and musical ability — entering into a small group 
of subjects. A child who is deficient in the former will be 
backward in all subjects — most backward in those sub- 
jects most dependent on this central capacity (such as the 
subjects first named), least backward in those subjects least 
dependent on it (such as manual and musical subjects). A 
child who is deficient in one of the specific capacities alone 
will be backward in the limited group of implicated subjects, 
and in none but these.” 

McCall writes as follows: “There is an objectively and 
practically measurable something, which constitutes the core 
of most aptitudes. It is overlaid with various incidental 
abilities, and furthered or retarded by emotional or physical 
characteristics of the individual. This something is general 
intelligence. If an individual’s intelligence is all that is 
known, some mistakes will be made in attempting vocational 
guidance, but if only one thing can be known, general intel- 
ligence is perhaps most important. . . . A pupil’s intelli- 
gence score is an approximate measure of the diameter of an 
approximate general ability circle, and is hence an approxi- 
mate basis for vocational guidance. 

“But any individual who assumes that all the spokes in 
an ability-wheel are of exactly equal length, or that instances 
of marked special aptitudes do not exist, or even that most 
individuals do not possess some tendency toward a special 
aptitude, would make as egregious an error as one who as- 
sumed that all individuals are markedly lopsided.” 

These two summaries of the present status of this problem 
from the practical point of view, coming as they do, the one 
from a student of the British school, the other from a student 
of Thorndike, show how the two originally conflicting inter- 
pretations have been approaching middle ground. ‘There is 
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found to be a quality of the individual, which results in gen- 
erally superior, mediocre, or inferior performances in his case 
—a positive coherence in the amounts of all traits possessed, 
extending even to appreciable coherence between mental 
and physical. General intelligence is now measured, for 
practical purposes, as Spearman long ago predicted. Never- 
theless, there are, as Thorndike maintained and maintains, 
mental functions, standing in which is hardly predictable from 
knowledge of other capacities. In rare cases there may be 
complete discrepancy in rank between performance in one 
task and performance in other tasks, with equal training. 
These are the cases of special talents and defects, to which 
this volume is devoted. 


IX. MEASUREMENT OF GENERAL INTELLIGENCE: THE IQ 


We now see that the “general” factor in intelligence may 
be defined simply as the positive coherence which exists 
among the multitudinous abilities of an individual, as respects 
their amounts. The first to obtain a quantitative measure 
of general intelligence, for the practical purpose of classifying 
school children, was Binet. Binet concluded from reflection 
on the research done, that failure or success in one mental 
function may be of slight significance for the classification of 
an individual, because correlation is imperfect; but that fail- 
ure or success in a score of different functions must be of very 
great significance, because correlation among mental func- 
tions tends strongly to be highly positive. Working on this 
basis, he devised a large number of mental tests, intended 
to sample the individual’s performance in many different 
functions. 

A mental test may be defined as a standard stimulus, which 
provokes a response capable of quantitative interpretation. 
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Binet devised numerous standard stimuli, and a method of 
interpreting the responses elicited, in terms of a context of 
scores made by children of various ages, throughout the 
period of immaturity. His measurements were thus in 
terms of “mental age,” a phrase now somewhat familiar in 
education. 

The science of mental measurement is rapidly progressing 
to more exact usage. The concept of “mental age” when 
applied to persons who vary in birthday age is in some re- 
spects misleading, and in other respects quite inapplicable 
(as with superior adults). General intelligence is at present 
usually scored in terms of points achieved, percentile at- 
tained in total distribution, or of mental ratio. The most 
reliable scales now available for the measurement of general 
intelligence in school children, score in terms of mental age 
and intelligence quotient (IQ). This measure (IQ) signifies 
the ratio borne by the intellectual level attained by a given 
child in tests, to the level attained by the typical child of his 
birthday age. For instance, a child 9 years 6 months old has 
an IQ of 100, if his score in tests equals that made by the av- 
erage child of 9 years6 months. If he is inferior to the average 
child of his age, the amount of such inferiority will be ex- 
pressed by a ratio less than 100. ‘Thus, if his performance 
equals only that of the average child of 5 years 2 months, his 
IQ will be 62 months + 114 months, or 54 (dropping fractions 
less than .5). On the other hand, if he is superior to the 
average, attaining, let us say, the performance of the average 
child of 14 years o months, his IQ will be 168 months+114 
months, or 147. An IQ of too may thus be thought of as 
“par” in general intelligence for a school child, while anything 
less may be thought of as “below par” to the extent indicated ; 
and anything greater than roo may be thought of as “above 
par.” The IQ shows the point of focus, for amounts of per- 
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formance in a variety of mental functions. It derives its 
value for educational procedure from the positive correlation, 
which has been demonstrated to exist among performances 
in mental operations. 

Scales at present available will measure general intelligence, 
in terms of IQ, about as low as IQ ro, and about as high as IQ 
190, at certain periods of development. No doubt human 
intelligence ranges somewhat below and above these limits, 
but adequate methods of establishing the two extremes have 
not yet been devised. It is by no means usually realized 
that the range of individual differences in general ability is 
so wide that it is extremely difficult to invent methods of 
discovering its full extent. However, for practical purposes, 
available scales are adequate to cover the range for young 
school children, because intelligences that fall below IQ 25 
or above IQ 175 are so rare as to be dealt with very seldom. 

Within the limitations named, the general intelligence of 
school children can now be determined by a competent exam- 
iner, with a very small margin of error. The average 
error made by such an examiner will not exceed + 5 IQ. 

Not all scales for the measurement of general intelligence 
are scorable in terms of IQ. Some have been standardized 
in terms of “‘raw’’ points achieved, and some in terms of per- 
centile status. There is at present much variety of usage 
in scoring, the ideal being to find units of measurement. It 
does not lie within the scope of this volume to treat the prob- 
lem of establishing units for the measurement of mental 
traits. The general intelligence of the children to be discussed 
here has usually been determined in terms of IQ, which will be 
comprehended from the brief description given. 

An ideal of students of mental measurement is to devise 
a scale which will measure any intelligence, from the lowest 
to the highest existing, after maturity, in units every one 
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of which is equal to every other; and to devise a scale ful- 
filling the same requirements for each 12-months interval of 
the period of immaturity. This ideal is far from being real- 
ized at the present time, but the future will see it achieved. 

In the meantime scales for the measurement of special tal- 
ents, which are not measured by the scales for measuring 
general ability, are being worked out. What these special 
talents are we shall now consider. 


X. THE MEASUREMENT OF SPECIAL ABILITY 


Although much further research is required before we can 
identify all the mental functions which are incoherent with 
general intelligence, we already have some knowledge of the 
matter, useful for the welfare of school children. Certain 
abilities are shown repeatedly by different investigators to be 
relatively independent. Success in music and in representa- 
tive drawing is very slightly correlated with success in other 
school subjects. Spelling is far from perfectly predictable 
from grades in schooling generally. Mechanics is relatively 
independent. Whereas ability in reading and in arithmetic 
is highly, but not perfectly, correlated with general compe- 
tence. 

These facts mean that from knowledge of a pupil’s general 
intelligence we can make very reliable predictions as to his 
capacity for reading and for arithmetic, somewhat less re- 
liable predictions as to his aptitude for spelling or mechanics, 
and that our predictions concerning his ability to draw, sing, 
or play musical instruments should be given without con- 
fidence in their reliability, if given at all. 

Other kinds of performances, like the management of 
people, appreciation of a joke, dancing, the management of 
wild or domestic animals, have not been thoroughly studied 
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in their relation to general intelligence, though these and scores 
of others which will occur to the reader, might be of great 
significance for practical psychology, if shown to be some- 
what independent talents. 

As we have already said, most of the functions performed 
by human beings are very complex, and capable of analysis. 
To read, understand, and execute a page of any musical com- 
position is a very complicated performance. The attempt to 
measure special ability has been the attempt first to scale 
total performance in the function, and second to scale per- 
formance in the various codrdinating functions contributing 
to total result. Thus in the case of musical talent, Seashore 
has found by analysis a large number of contributing factors, 
and has actually devised scales of measurement for five of 
these subsidiary functions. 

Measurement more or less adequate can now be made of 
ability to read, spell, draw, write, put mechanical contri- 
vances together, and calculate. This list does not by any 
means exhaust the possibilities of measurement in particu- 
lar functions at present, but exemplifies them. Slowly we 
are approaching the point of being in position to tell not only 
how a child stands in general intelligence, but also to indicate 
his status in regard to special abilities. The ‘“picture”’ of 
the total relationship among a person’s abilities is called a 
psychograph. 


XI. THE PSYCHOGRAPHIC PICTURE OF INDIVIDUALITY 


A psychograph may consist merely of numerical statements 
of the individual’s standing in various mental capacities re- 
spectively ; or it may be presented in the form of a graph 
drawn from the figures. No standard graph has been agreed 
upon. Sometimes the method is to present points of deviation 
from a horizontal line representing the typical performance ; 
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sometimes to present the deviations from a vertical line, rep- 
resenting the typical; sometimes to present deviations along 
the spokes of a “wheel,” the typical being taken as a cir- 
cumference drawn midway between the center and the perim- 
eter of the circle. 

Figure 3 is an illustration of the first mentioned mode of 
presentation. It shows the status of a school boy in various 
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Fic. 3. — The psychograph of a school boy, showing his standing in various mental 
functions; illustrating use of the horizontal line to denote typical performance. The 
scores are in terms of mental age. (From Hollingworth’s Judging Human Character. 
Reproduced by courtesy of D. Appleton and Company.) 
mental functions measured. This boy is 18 years old. In 
interpreting the psychograph, which is platted in terms of 
mental age, it must be borne in mind that many of the ca- 
pacities here included are matured by the age of 16 years. The 
individual is not, therefore, subnormal with regard to them. 
This case illustrates some of the difficulties of treating ado- 


lescents and adults in terms of mental age. 
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Figure 4 shows the use of the vertical line as the ‘“‘type” 
or “‘norm,” picturing the extent to which the individual meas- 
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Fic. 4. — The psychographs of three school girls, showing their standings in various 
mental functions, measured to determine mathematical ability; illustrating use of 
the vertical line to denote typical performance. The scores are in terms of weighted 
deviations. Scores to the right are above, and scores to the left are below, average. 
(From Tests of Mathematical Ability and Their Prognostic Value. Reproduced by 
courtesy of Agnes L. Rogers.) 


ured departs from or corresponds to the typical, in the func- 
tions tested. 

Figure 5 illustrates the use of the circle, with radii to show 
standing in the various mental functions. The adolescent 
presented is near the typical (the 50 percentile) in nearly all 
functions measured. 

Which of these forms of graph is best adapted to its purpose 
has not been determined. All are simply different methods 
of picturing the same facts. 

The chief obstacle to the platting of psychographs, for such 
capacities as are now measurable, is that scales for measure- 
ment have been standardized in different terms. To plat 
a lucid psychograph, some traits on which have been measured 
in P.E., some in IQ, some in percentiles, some in “‘ raw” points, 
some in values of a T Scale, some in terms of school grade 
achieved! is now impossible, because of the difficulties of 


1 For explanation of technical terms see McCall’s How to Measure in Education. 
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Fic. 5. — The psychograph of a school boy, showing his standing in various mental 
functions; illustrating use of the circle as a diagram, the median circumference de- 
noting the performance of typical persons of his age. The scores are in terms of per- 
centiles. 
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equating all these ‘‘steps” of difference. The psychographs 
here presented will, therefore, be understood to be crude, 
merely approximating the lucidity of those which will be 
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made in future, when the science of mental measurement has 
made greater progress. Each of the methods of standard- 
ization has some advantages and some disadvantages, as 
compared with the others. Only experience and discussion can 
finally determine which is best. It is desirable to achieve 
uniformity as soon as possible, in order that the psychographic 
study of individuals may be facilitated. 


XII. AT WHAT AGE IS MENTAL ENDOWMENT EVIDENT? 


The question arises as to when special talents and defi- 
ciencies become evident in growing individuals. We know 
almost beyond any doubt that the degree of general intelli- 
gence is manifested from the beginning of life, and could be 
measured then if our instruments of precision were fine enough. 
With present methods we cannot undertake with confidence 
the measurement of general intelligence much before school 
age. Extreme deviations may be reliably identified as early 
as 3 years of age, or earlier, but slight amounts of deviation 
cannot be reliably determined by available methods before 
the age of 5 or 6. The inadequacy of method with very 
young children arises, partly because it is so difficult to ob- 
tain non-select children under school age for purposes of stand- 
ardization, partly because of the coarseness of the “steps” 
at present used to measure. The most refined and reliable 
scales we have are cast in terms of ‘‘mental age,’ and some 
do not allow for any difference of less than “‘ 2 months of mental 
age.’ An error of only two misscorings in the same direction 
would therefore result in a considerable error in the IQ of a 
child 3 years old; since 4 months is a large percentage of 36 
months. 

As early as 6 years, however, even by present methods, 
we can determine objectively the individual’s status in gen- 
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eral intelligence. The indications are that when the measure- 
ment of special talents has made similar progress, we shall 
find that these become evident just as early as general ability 
does. These special talents are gifts, innate in the organism, 
and manifested no doubt from the beginning of life, just as 
general intelligence is. 

In the discussion of special gifts for music, drawing, and 
calculation we shall see that investigators have been partic- 
ularly struck by the very early age at which these were mani- 
fested in the persons studied. It is common for those who 
later became historical prodigies in these performances to 
have shown symptoms of their ability as early as 3 or 4 years 
of age. 

On the other hand, special deficiencies in these functions 
are not commonly noted until after school has been entered, 
usually long after. This is inevitable, because no one is likely 
to suspect a child of tone-deafness, for instance, until his 
music teacher has worked with him for some time. But 
conspicuous aptitude for melody and rhythm is likely to be 
noticed. 

The question arises: Can these special talents be acquired, 
or the special deficiencies be overcome, by any course of train- 
ing? Scientific psychology tends more and more strongly 
to the conclusion that psychology and education can do 
nothing to alter the amounts or relationships of innate mental 
endowment. They can but measure endowment and give 
it training suited to its requirements. The history of Se- 
guin’s form-board seems to illustrate the evolution of the 
point of view on this question. About sixty years ago this 
form-board was hopefully used as a supposed means of alter- 
ing original endowment. Feeble-minded children were given 
exercises in placing and replacing the blocks in it, in order 
that they might become more intelligent. To-day this form- 
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board is used as a means of gauging original endowment. Psy- 
chology cannot create endowment; it can merely measure 
fand describe it. Education cannot bestow mental gifts; 
it can only utilize such as are innately present within the or- 
ganism. Talent and genius can be created in children only 
by the procreation of parents, who are the biological carriers 
of extraordinary endowment. 


XIII. THE FREQUENCY OF MARKED SPECIAL TALENTS 
AND DEFECTS 


No census of special talents or defects of given degree has 
ever been taken. Surveys have been made showing the dis- 
tribution of musical sensitivity, of ability in drawing, spelling, 
calculation, and so forth. These distributions tell us the 
frequency of extreme deviations in these functions, but they 
do not tell us to what extent the deviations are special. From 
them we cannot learn whether or not the extremely fortunate 
deviations are identified with great general superiority, and 
whether the unfortunate deviations represent the work of 
generally stupid children. What we require is a survey of 
children of uniform age, educational opportunity, and IQ, in 
respect to music, drawing, spelling, and so forth. 

Although we cannot state with precision the frequency with 
which marked special gifts occur among the stupid, or marked 
special deficiencies occur among the highly intelligent, we 
know that such cases are quite rare. It is necessary to re- 
mind ourselves constantly of this fact, because it would grat- 
ify the demand for justice and fair play to find that special 
gifts are freely distributed among the generally inferior, and 
special defects frequently found among the superior. The 
truth which satisfies our desires need be stated but once, to 
be apprehended and remembered. The truth which offends 
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kindliness, self-interest, or cherished beliefs, and is hence 
unsatisfying, requires emphasis. Therefore we must take par- 
ticular care to bear in mind throughout the whole of our dis- 
cussion of special talents and defects, that we are dealing with 
comparatively rare phenomena. The distribution of abil- 
ities, as determined by biological law, does not correspond 
to our concept of fair play. Nearly all stupid persons are 
inferior in all capacities. The great majority of gifted per- 
sons are superior in nearly all their abilities. The majority 
of human beings are neither markedly inferior nor markedly 
superior, but are “typical”? (not far from the median or 
average) in all respects. 


XIV. POSSIBLE ORIGIN OF THE DISSOCIATION 
OF CERTAIN CAPACITIES 


Why should certain capacities, like musical sensitivity and 
ability in representative drawing, be so loosely correlated 
with general ability, throughout the species? Why should 
other capacities, like ability to name opposites and to com- 
plete sentences, give such high and positive total correlation ? 
We do not know with assurance the answers to these ques- 
tions. Perhaps the evolutionary explanation is adequate. 
Those variants lived to transmit their hereditary constitu- 
tion, whose functions were so correlated that life was well 
sustained. Perhaps functions are, therefore, loosely cor- 
related, where nothing would be added to the probability of 
survival by high correlation. 

It makes little difference in a world like ours whether an 
intelligent man can or cannot sing. It is of small moment 
whether one who can easily detect absurdities of statement 
can also produce fine representative drawings. It is very 
important for survival, on the other hand, whether one who 
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can detect similarities can also detect differences, in the ob- 
jects which surround him, and whether he can at the same 
time anticipate incomplete meanings in the sentences and 
gestures of those whom he meets. 

The suggestion also arises as to whether those perform- 
ances which do not cohere closely with performances in gen- 
eral are such as involve the sensori-motor apparatus to a 
special degree, as distinguished from the central nervous sys- 
tem. Those functions which depend relatively little upon 
equipment of eye, ear, or hand, but essentially upon the sen- 
sitivity and integrity of the cortical neurones, might be ex- 
pected to cohere closely, constituting what we should prop- 
erly call intelligence. Where performance depends largely 
on sense organs and muscles, the correlation with functions 
largely independent of sensori-motor apparatus might be ex- 
pected to be only as great as the tendency to general organic 
quality would bring about. Certainly drawing, music, and 
mechanical ability, for example, involve eye, ear, and muscle 
to a much greater extent than does the detection of absurdities 
in life situations, or the learning of symbolic significances. The 
mechanical technique of reading clearly involves the sensori- 
motor apparatus to a much greater extent than does the com- 
prehension of what is read. 

It would be valuable to determine to what extent a hier- 
archy of correlations would be consistently maintained in the 
use of tests, selected for graduated degrees of involvement of 
equipment accessory to the central nervous system.! 
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CHAPTER III 


CONSIDERATION OF THE NEURAL BASIS 


I. THE PHYSIOLOGICAL MECHANISM OF MENTAL LIFE 


PsyCHOLOGISsTS no longer question that the product of mind, 
which we call behavior, by which mind is judged, is in some 
way intimately connected with the sensitivity and integrity 
of the nervous system. The proof of this has often been set 
forth, and will merely be taken for granted here. Any organ 
or substance which reacts upon this sensitivity or integrity 
may then indirectly influence mental life in certain respects. 
For instance, the glandular system of the body, especially 
that part of it which comprises the glands of internal secre- 
tion, may affect behavior by affecting the growth or func- 
tion of the nervous system. Drugs may influence mental 
processes, because they act upon the neurones. However, all 
present knowledge points to the conclusion that if the ner- 
vous tissue could be isolated from such influences, mental life 
would be immune from their effects. Mental life is but in- 
directly subject to such influences, in so far as nervous tissue 
is affected in a particular manner by them. 


II. ATTEMPTED LOCALIZATION OF MENTAL FUNCTIONS 


When it was thought that such supposed entities as “the 
reason,” “‘the will,” ‘‘the memory,” and “the imagination” 
. would be identified as mental functions, it was also supposed 
that a definite location for each might be found in the brain. 
As investigators were compelled to change their concept of a 
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mental function, and to define mental functions in terms of 
observable performance, they still sought to discover whether 
or not each performance might be referred to a definite set 
of neurones. This question of brain localization constitutes 
a current topic of research. So little information can be given 
as yet upon the subject that it is, perhaps, unwarranted to 
consider it at all in this volume, where the chief interest does 
not center in the controverted theories of neurology. 

Much of the proof for the statement first made in this chap- 
ter, that the nervous system is the physiological mechanism 
of mental life, has been adduced through study of neuro- 
pathology. Persons impaired in a given manner in their 
nervous tissue, show behavior characteristically altered. 
Moreover, given alterations in behavior can be produced ex- 
perimentally in animals, by altering the connections in the 
nervous system, and by no other means. Through these ob- 
servations it has been possible to assign certain functions to 
parts of the physiological mechanism. 

In the case of man, both by observation and experiment, 
“the nervous structure below the hemispheres of the cerebrum 
has been excluded from the possibility of acting as the im- 
mediate physical basis of mental states.’”’!_ The higher mental 
processes, which involve the possibility of speaking, calcu- 
lating, and responding by learned reactions to complex situ- 
ations, have their correlate in the cortex (the agglomeration 
of neurones in the cerebral hemispheres). Physiological psy- 
chologists therefore investigate the cortex, in their search for 
the particular neurone-patterns or areas involved in partic- 
ular intellectual performances. 

The problems of brain localization have, therefore, been 
approached through the study of the alterations in perform- 
ance, which accompany alterations in given areas of the cor- 


1 See Reference to Ladd and Woodworth. 
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tex. Alterations in restricted areas of brain tissue, in human 
beings, are brought about chiefly by obstruction of a blood 
vessel, hemorrhage, tumor, and laceration or depression 
through injury to the skull. 

One of the early observations, bearing upon topics con- 
sidered in the subsequent chapters of this volume, was that 
by Broca. Broca described two cases of pathological impair- 
ment in a limited convolutional region of the left cerebral 
hemisphere, in which the use of words was lost, without loss 
of intelligence as expressed in other ways. Broca therefore 
suggested ‘‘articulate language”’ to be a function connected 
with the part of the brain to which the impairment had been 
restricted. 

A large number of similar observations have been reported 
since Broca’s publication, describing cases of selective loss of 
some linguistic function, especially in connection with paraly- 
sis of limbs. The localization of articulate language, as 
a special ability, in Broca’s area, is still, however, debated 
by those most competent to discuss the matter, and no pos- 
itive statement is at present warranted. Head, one of the 
foremost among modern students of neurology, has recently 
advanced the theory that special disturbances of articulate 
language (aphasia, alexia, agraphia, aphemia) are due to dis- 
turbances of those psychic processes whereby symbolic asso- 
ciation is accomplished, — whereby men learn to imbue sym- 
bols with meaning. Von Monakow interpreted the array of 
data existing in 1914 to show that all gnostic functions (in- 
tellectual performances) pertain to the cortex as a whole, and 
not to any center or centers in the brain. He held that no 
case of aphasia permanently remains, unless there is at the 
same ‘time diffuse cortical degeneration. Ladd and Wood- 
worth, writing in 1911, concluded that “there is good evi- 
dence that the Broca region is the most vulnerable part of 


52 SPECIAL TALENTS AND DEFECTS 


the cortex, as regards the motor coérdination of speech,” 
but that ‘‘the entire cerebrum would seem to be, of necessity, 
involved in man’s linguistic attainments and uses.” 


III. THEORY OF CONGENITAL LESION OR ATROPHY CRITICIZED 


Reasoning from analogy with cases where a function of 
language is lost selectively, through organic disease or im- 
pairment of brain structure, it was thought by those who first 
described innate special disabilities, as in reading or spelling, 
that such defects must be due to congenital brain lesions or 
atrophies. Neurological research has never verified this sup- 
position. No cases showing innate disability to be correlated 
with any peculiarities of restricted areas in the cortex have 
ever been recorded. Tilney and Riley, summarizing criti- 
cally the data of neurology in 1921, cite no cases considered 
to afford authentic evidence of localized lesions or defects, 
as the basis of congenital difficulty in reading, spelling, 
music, or other functions with which the present treatise 
is concerned. 

The theory of innate lesion or atrophy of a cortical area, to 
account for disability in a special mental function, seems un- 
scientific for other reasons, aside from the fact that it has 
never been objectively verified by actual observation of a 
structural defect. One of these reasons is that a theory, for- 
mulated to take care of the neural basis of specialized disa- 
bilities, must take care of specialized gifts,as well. Cases where 
a generally stupid child is innately gifted with special ability 
to master the mechanics of reading, for example, are no doubt 
as frequent as cases where a generally capable child learns 
them with difficulty. The theory of specialized lesions or 
other faults of structure might cover disabilities, but would 
it cover special talents as well? 
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Still another consideration prevents us from regarding the 
theory of localized brain defects as masterly. This is the 
fact referred to in our preliminary discussion, that every single 
mental function, which yields to measurement, is found to be 
distributed among human beings according to a probability 
curve. (See Figure 1, page 8.) The functions which we 
herein consider are not exceptions to this principle. Per- 
formance in reading, spelling, arithmetic, drawing, music, and 
so forth, shows children or adults, chosen at random, to be 
distributed in the given form. Those who have exceptional 
talents or defects in the function fall within the symmetrical 
surface of this curve, at its opposite extremes. Nowhere is 
there a point of demarkation, denoting absolute lack of the 
trait in a group falling below that point, as there would be if 
a number of individuals suffering from lesions were introduced 
into the distribution. We may fairly demand of a theory 
which undertakes the explanation of the most extreme devia- 
tions, the explanation of the deviations of lesser magnitude, as 
well. The curve obtained by test approximates that form 
which mathematicians tell us appears when an infinite number 
of factors act together in an infinite number of ways, the ex- 
treme deviations occurring inevitably, by chance. A theory 
introducing the adventitious circumstance of lesion or atrophy 
is thus superfluous to the explanation of the extreme unfortu- 
nate deviations. To admit it would violate the rule of scien- 
tific method known as the law of parsimony, for we do not 
need it in order to explain the facts. 


IV. RESTITUTION OF FUNCTION WITHOUT REGENERATION 
OF STRUCTURE IN INJURED BRAINS 


Fully as important as any of the facts mentioned above, 
for criticism of the theory that special deficiencies are due to 
localized defects in brain structure, are the experiments with 
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reéducation of those who have suffered Joss of an ability. Per- 
sons who have lost the power to read, or write, or speak after 
destruction of brain tissue, may learn to perform these func- 
tions again, without regeneration of the area impaired. 

If the neurones destroyed, and no others, were the special 
mechanisms rendering possible the functions lost, how would 
restitution of function be possible, without repair of the de- 
stroyed tissues ? 


Vv. ATTEMPTS TO ESTABLISH A NEURAL BASIS FOR THE ‘‘TWO 
FACTOR THEORY”? AND ‘‘THE TWO LEVEL THEORY” 


In prosecuting their researches from the psychological point 
of view, by the method of testing performance, Spearman, 
Moore, Thomson, and other investigators referred to in the 
preceding chapter, did not neglect the attempt to reconcile 
their findings with a possible neural basis. 

Spearman wrote: “The theory of ‘two factors’ just de- 
lineated, though primarily of psychological origin, has shown 
itself capable of translation into terms of cerebral physiology.”’ 
The ‘‘specific factors’? Spearman would identify with some 
“particular cortical region, or other neural characteristic, 
coordinated to the particular performance in question.” The 
‘“‘general factor” is derived from the fact that all neurones 
of the cortex arise from the same heredity, and must resemble 
each other, as “the hair in one region of a person’s scalp nor- 
mally resembles that on the other regions” (a somewhat pre- 
carious analogy) ; also, from the fact that all parts of the brain 
are nourished by the same blood supply; and from the sup- 
position that “each momentary focus of cortical activity 
receives continual support from energy liberated by the entire 
cortex (or some still wider neural area).”’ 

Thomson said: “Let us suppose that the mind, in carrying 
out any activity such as a mental test, has two levels at which 
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it can operate. The elements of activity at the lower level 
are entirely specific ; but those at the higher level are such that 
they may come into play in more than one kind of activity, 
in more than one mental test. . . . The difference between the 
levels may be physiological, as between cortex and spinal 
cord, or it may be the difference between conscious and non- 
conscious, or what not. The theory may later be reduced to 
a less harsh dichotomy and there may be gradations from the 
one level to the other.” 

These attempts to find a neural basis for the ‘‘Two Factor 
Theory” and the “Two Level Theory” are obviously not 
very complete. 


VI. PRESENT STATUS OF THE PROBLEM 


The conclusion is that at present experimental neurology 
has nothing secure to offer by way of establishing the neural 
basis of the special talents and defects, which we wish to con- 
sider. We must suppose that in some way unknown they 
are connected with neural activity, but localization of each 
function in a restricted area of the brain structure has never 
been established. 

The deviations in performance are almost certainly bio- 
logical, and not pathological. Each mental function is by 
original nature possible in some degree to every person, the 
degrees of potentiality being of enormous range, and dis- 
tributed among members of the species according to a fre- 
quency curve. The form of this curve indicates that the 
determinants of aptitude are approximately infinite in pos- 
‘sibility of combination. The extremes of deviation from the 
typical result of these determinants acting together, are, as 
statedl, very widely separated, as in any game of chance 
combining many factors, but they nevertheless have limits, 
which are knowable. The determinants exist chiefly (perhaps 
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exclusively) in the germ-plasm, from which human organ- 
isms spring, and which carries inheritance from countless 
combinations of ancestry for persons now alive. It is neither 
necessary nor plausible to introduce a theory of brain lesion 
or atrophy to explain the extreme minus deviations, leaving 
the equally extreme plus deviations thus unexplained. 

The sum total of a child’s standings on these curves, 
in the multitude of mental functions which are possible to 
human beings, constitutes his psychograph or mentality. The 
physiological aspects of this inheritance may ultimately be 
found in brain chemistry, or in the discovery of some prin- 
ciple of physics at present unknown. It may be an inherit- 
ance of function, rather than of structure. We do not know. 

The present status of the problems indicated in this chapter 
may be recapitulated in the words of Ladd and Woodworth: 
“The analysis of mental functions into their elements, ina man- 
ner suitable for physiological use, has scarcely been begun.” 
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CHAPTER IV 
READING 


I. RELATION BETWEEN IQ AND CAPACITY FOR READING 


It has been stated that most of the mental functions, which 
human beings perform, are not elementary, but are capable 
of analysis into many contributing factors. Reading has been 
shown by such analysis to be a very complex function, inter- 
ference in any part of which may result in disability. The 
causes of failure to learn to read under instruction, therefore, 
differ from child to child. Huey, who spent years studying 
the psychology of reading, finally became so imbued with the 
wonder of the process, that he felt that to know it in all its 
aspects and ramifications would be to know all psychology. 

Correlations between IQ and reading ability, among chil- 
dren of the same age, in both silent and oral reading, are 
positive and very high. This is especially true of reading for 
the understanding of sentences. Correlation between gen- 
eral intelligence, as measured by a scale like Stanford-Binet, 
and reading ability, as measured by a scale like Trabue’s 
Language Completion, or Thorndike-McCall’s scale for under- 
standing of sentences, reaches as high as .go, and hardly ever 
in any group falls below .60. 

These correlations indicate that general mental maturity 
is very closely related to learning to read. The very intel- 
ligent children are the best readers in by far the majority 
of cases, while school children who do not learn to read under 
ordinary instruction, are usually feeble-minded. On the basis 
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of experimentation in this field, Ranschburg suggests that 
even so mechanical an aspect of reading as ability to call 
correctly words exposed in a tachistoscope, may serve as a 
rough means of separating feeble-minded school children from 
the others. Nevertheless, even with correlation coefficients 
reaching as high as .go, there may occur occasional cases of 
very marked discrepancy between general intelligence and 
ability to read. 

Very early reading, with little or no formal instruction, is 
often found among children of very high IQ. Of four chil- 
dren measuring over 180 IQ (Stanford-Binet), found by the 
present writer in New York City, every one learned to read 
simple matter fluently during or before the third year of life. 
Their early mastery of reading was but a symptom of their 
great general capacity. 

Just what degree of intellectual development is typically 
reached before children can be taught to read is not known, 
but it is probably not far from a 6-year level. That is, chil- 
dren of ordinary intelligence can learn to read after they have 
passed their sixth birthday. A child who can read fluently 
at a mental age much below this must be considered to show 
a special ability; while one who cannot begin to learn at or 
above this general level! is afflicted with a special defect, 
in some of the functions which enter into the reading process. 
These functions may be classified as those which enter into 
mechanics, and those which enter into comprehension, of read- 
ing. 

Il. THE MECHANICS OF READING 


Under the mechanics of the process fall the sensory, motor, 
and to a great extent the perceptual, elements in reading. 
The sensory elements include the participation of eye, ear, 


‘It must be remembered that children and adults of almost any birthday age may be at this 
general intelligence level, 
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and muscles as sense organs, furnishing respectively the vis- 
ual, auditory, and kinesthetic contributions to the total func- 
tion. In the case of the blind, tactual sensations replace the 
visual, and in the deaf, the visual replace the auditory. Sen- 
sory Impairment, that is, impairment of eye, ear, or muscle 
as an organ, may prevent an intelligent child from learning 
to read. Examination of the special senses is the first step 
dictated by common sense and scientific procedure, when an 
intelligent child does not learn to read. In this way it has 
happened historically that the first cases of special disability 
in reading and spelling among school children have been re- 
ported by opthalmologists, to whom they were taken for ex- 
amination of the eyes. Parents naturally sought the expert 
who knows eyes in such cases, for to one who has not studied 
the psychology of reading, it appears that a person ‘‘reads 
with his eyes” only. 

The visual defects which may most commonly interfere 
with the mastery of the mechanics of reading are myopia, 
hyperopia, astigmatism, cataract, muscle-weakness, ~dip- 
lopia, and anomalies of the retina. Surveys of school chil- 
dren by competent oculists have shown that considerable 
numbers suffer from eye-defects sufficient to cause difficulty. 

Deafness obviously may constitute an interference, since 
the correct sound of the word is essential to reading. Not 
so obvious is the réle of the kinesthetic sensations, but we 
are Jed to believe that their part is important through the 
studies of Fernald, later to be reported here. 

Under the motor elements involved, we have to consider 
articulation, pronunciation, eye-movements, and the codrdina- 
tion of arm, hand, and fingers in writing words. It is hard 
for an expert reader, like an educated adult, to realize with- 
out first-hand study of the facts, to what extent these ele- 
ments originally entered into his learning. The inexpert 
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reader tends to retain lip-movements, and, indeed, move- 
ments of the whole apparatus of articulation, in silent reading. 

Perception of a stimulus may be defined for our purposes 
as seeing, hearing, or otherwise interpreting it in a certain 
way. Perception is habit, learned just as other habits are 
learned. We perceive the spoken words “home again” as 
such, because we learned to do so. One who has not learned, 
will not perceive two words, but only a jumble of articulate 
sound. In reading, the perceptual elements include the for- 
mulation of habits of responding to parts, and to groups of 
words, as such. Many investigations have been made of the 
perceptual elements in the mechanics of reading within the 
past twenty years. 

It has been discovered that the word may be learned with- 
out first learning the separate letters which compose it. 
Spelling and reading are thus psychologically far from identi- 
cal. In perceiving a word, all parts are not equally stressed. 
The first half and the upper half of the word have a great 
advantage over the last and lower halves. In fluent reading, 
the eye moves by jerks across the line, making three to five 
pauses in crossing an ordinary page of printed matter. Oral 
reading requires about 1.6 more pauses per line than silent 
reading, and the average duration of these pauses is longer. 
Thus oral reading requires 44 to 64 per cent more perception 
time than does silent reading. The unit of perception in 
reading may be the letter, the word, the phrase, the sentence, 
or even the paragraph, according to the training of the pupil, 
the degree of skill attained, and the extent to which he “skims.” 
The letter or the word as the unit of perception results in 
halting and expressionless oral reading, and in retarded silent 
reading. 

These are some of the results of fundamental studies in the 
psychology of reading, which help us to understand cases of 
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individual difficulty. Recently Gates has made intensive 
study of reading and spelling by the methods of correlation, 
with special reference to disability. He finds that partial 
and multiple correlations reveal an ability or abilities com- 
mon to all perceptual tests involving words as materials, 
sufficient to cause fairly high correlations between them, as 
compared with the correlations between these tests and tests 
not involving words. By hypothesis, this common factor is 
defined as an ability to perceive clearly the significant details 
of words. The multiple correlations of these tests with spell- 
ing are higher than with reading, and it is suggested that those 
who have a very favorable form of word-perception are to 
some extent learning (or relearning) to spell during the course 
of ordinary reading. Gates also points out that poor reading 
is not caused by bad habits of eye-movement, but on the con- 
trary, faulty eye-movements are merely symptomatic of the 
fact that the child cannot read well. Not having mastered 
the mechanics of reading, his eyes move hither and yon at 
random, seeking, by trial and error methods, to get at the 
matter before him. Wrong eye-movements can be cured by 
teaching the child how to read. The child cannot be taught 
to read by correcting his eye-movements. 

It should be added, finally, that all the functions referred 
to above, and possibly others that analysis has not yet made 
evident, must be synthesized in an automatic set of habits 
before the child becomes proficient in the mechanics of reading. 


III. COMPREHENSION IN READING 


The elements of reading thus far considered are those that 
contribute to mechanics. Reading to recognize forms and 
to pronounce words is to be distinguished psychologically 
and pedagogically from reading for the understanding of sen- 
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tences. Every teacher of much experience in the elementary 
school will be able to recall children who could read fluently 
from the printed page, but could not tell what they had read, 
nor answer questions about the context. In reading to grasp 
meaning, additional processes, more difficult to perform, are 
involved, beyond those required to “see and say” the 
words. 

As would be expected, the ability to master the mechanics 
of reading is more loosely correlated with general intelligence 
than is ability to comprehend the matter read. The com- 
prehension of meaning is a very large factor in intelligence. 
It might almost be maintained that intelligence zs grasp of 
meaning. A child who has perfected the mechanics of reading, 
understands what is read in accordance with his general in- 
telligence, as correlations prove. 

Gates has shown that even in the case of children who are 
quite deficient in oral reading, the correspondence between 
general intelligence and comprehension of the context in silent 
reading, as revealed in answers to questions about the material 
read, is very much higher than would be believed probable. 
Such a child, using his lame mechanics, draws meaning from 
fragments, in accordance with his general intelligence. 

On the other hand, young children are sometimes found, 
who have become very fluent in mechanical reading, who can 
thus read very abstruse matter, without getting any meaning 
from what they read, because of the limitations of general in- 
tellectual development. 

As a result of his studies of ‘ Reading as Reasoning,”’ Thorn- 
dike observes: “Reading may be wrong or inadequate 
(1) because of wrong connection with words singly, (2) because 
of over-potency or under-potency of elements, (3) because of 
failure to treat the ideas produced by the reading as provisional 
and to inspect, and welcome or reject them.” 
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This third cause of inferior reading is found invariably in 
children of low IQ, for to read in this way, understandingly, 
involves the weighing of many elements in a sentence, their 
organization in the proper relations to one another, and the 


_ selection and rejection of connotations — all functions of 


general intelligence. It is by tests of such functions that IQ 
is determined. Therefore, it is not surprising that compre- 
hension in reading is so highly correlated with IQ, among 
school children of the same age. It is between IQ and me- 
chanical ability to read words, that marked discrepancies 
may occasionally exist, as illustrative cases show. 


IV. WORD BLINDNESS 


As has been stated, the first cases of inferiority in reading 
were reported by ophthalmologists, who, upon discovering 
nothing wrong with the visual apparatus of the child brought 
for examination, pronounced the difficulty to be word blind- 
ness or “congenital alexia.’’ In using these terms, they 
reasoned from analogy with pathological cases of selective 
loss of function in adults, referred to by us in Chapter III. 

The first cases reported from this point of view were, so 
far as the present writer can determine, those of Kerr and 
those of Morgan, both reporting in 1896. After these, a 
number of individual cases were reported in France, England, 
Germany, and the United States. In 1915, Schrock and 
Clemesha respectively summarized all literature to that date, 
the former presenting a bibliography of thirty-two titles. 
The great drawback to clear interpretation of these cases is 
that general intelligence was not measured. Some, at least, 
of the children were feeble-minded, for we find cited as evi- 
dence of good general endowment, performances which we now 
know to be typical of children much younger than those being 
described. 
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Hinshelwood, an opthalmologist, published in 1917 a gen- 
eral discussion of non-readers, from the medical standpoint. 
According to his treatment of the subject, non-readers con- 
stitute a group apart, defined by some congenital, pathological 
defect in brain structure, but for which they would have read 
normally. This concept is directly derived from analogy with 
cases of Jost function in diseased persons. 

“By the term congenital word blindness, we mean a con- 
genital defect occurring in children with otherwise normal 
and undamaged brains characterized by a difficulty in learning 
to read so great that it is manifestly due to a pathological 
condition, and where the attempts to teach the child by the 
ordinary methods have completely failed. . . . The recognition 
of this condition was the direct outcome and result of the pre- 
viously acquired knowledge of those symptoms of cerebral 
disease, which we have been studying. . . . No doubt it isa 
comparatively common thing to find some who lag consider- 
ably behind their fellows, because of their slowness and diffi- 
culty in acquiring their visual word memories, but I regard 
these slight defects as only physiological variations, and not 
to be regarded as pathological conditions. It becomes a 
source of confusion to apply to such cases, as has been dene 
of late, the term congenital word blindness, which should be 
reserved for the really grave degrees of this defect, which man- 
ifestly are the result of a pathological condition of the visual 
memory center, and which have proved refractory to all the 
ordinary methods of school instruction.” 

This is the supposition which was critically considered in 
Chapter III, and shown to be irreconcilable with facts known 
to psychology. Hinshelwood did not make mental exam- 
inations of the cases which he describes, by standard psychol- 
ogical methods. He did, however, work out by experience 
a method of teaching, whereby all the non-reading children 
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described learned to read. This consists simply in returning 
to the primitive method of instruction, beginning with the 
letters of the alphabet as units of perception, and proceeding 
by teaching the spelling of words. The necessity of indi- 
vidual teaching is insisted upon. 

Aside from the improbabilities of neurological theory, this 
work is a valuable contribution to the study of children who 
have special difficulty in reading. It calls attention to the 
needs of such children, and shows that they can be taught. 


V. PSYCHOLOGICAL STUDIES OF SPECIAL DEFECT 
IN READING 


In 1917 Bronner published several interesting cases of special 
backwardness in reading, studied by the methods of psycho- 
logical analysis. Bronner states that deficiency in reading, 
in children of normal sensory capacity and intelligence, some- 
times is related to special deficiencies in making visual asso- 
ciations or auditory associations. In the former case the 
visual details of the word would be elusive. In the latter case, 
the phonetic elements would be inadequately heeded. Since 
ordinary success in reading arises through both these avenues 
of approach, deficiency in either might result in poor reading. 
Bronner suggests that the avenue which is most approachable 
in these cases be specially utilized. All children cannot easily 
learn to read by the method which serves the majority. Bron- 
ner does not give results of experimental teaching in the cases 
analyzed. 

In 1918 Schmitt reported thirteen cases from the Chicago 
Schools, with many details of mental and physical examina- 
tion.* Unfortunately, systematic standard tests of general 
intelligence were not given, which must be considered a defect 
in the study, since exact comparisons of reading deficiency 
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and mental age, or IQ, cannot be made. We have the in- 
vestigator’s assurance that “sufficient tests were given to 
establish normal intelligence.” 

The conclusion that special deficiency in reading ability 
was present, was made upon the following criteria: (1) reg- 
ular school attendance; (2) reasonably good health and phys- 
ical condition; (3) no sign of visual defect; (4) persisting 
slowness in learning to read, or total inability manifested 
over one or more years of school life; (5) general mental 
ability good or average; (6) no other interfering factor, such 
as foreign language in the home, dislike of school, abnormal 
unresponsiveness to school, or other social situations. Where 
all these conditions were satisfactorily met, central deficiency 
in capacity for learning to read was assumed to characterize 
the child. 

It was then found that many of the thirteen thus selected 
had particular difficulty with phonetics — could not readily 
connect the sounds of letters with the visual symbol. They 
could all match words. All could point out the difference 
in two words differing in one letter. Those who were old 
enough to have learned to write could transpose a page of 
print into script. These facts are taken as evidence that the 
difficulty must be central and not sensory. 

Four of the children were followed up with teaching in a 
special class. Phonics were taught. The easiest letters — 
those that can be prolonged — were taught first (r, f, 1, m, s). 
In the effort to make the work interesting, the phonics were 
presented in a story, associating each sound with parts of the 
story. As many associations as possible were established to 
fix the sound of the letter. 

All who received this special training are reported to have 
improved greatly, in a short time. Schmitt concludes that 
there are a few children who are so constituted that they can- 
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not learn readily by the word and sentence method. ‘Every 
teacher uses this (the phonic method) to some extent, but to 
a very slight extent. The average child quickly learns to 
associate the printed letters and words with their vocal pro- 
totypes, without special emphasis on phonics, or special at- 
tention to associations. 

“Whatever may be said for the word and sentence methods, 
it is really by the phonic method that the child becomes in- 
dependent of the teacher.” 

In 1920 and 1921 Freeman and Gray respectively presented 
well-studied cases of individual pupils. Freeman’s case was 
that of a girl 9 years and 6 months old, in the fourth grade 
of the University Elementary School, at Chicago. General 
intelligence was “better than average,” the exact IQ not 
being stated. The child’s father and paternal aunt had also 
had marked difficulty in reading. Both parents were above 
average in social-economic status, and hence probably also in 
intelligence. An oculist had made a diagnosis of word blind- . 
ness, with a very discouraging prognosis for learning to read. 

As a result of careful psychological analysis, it was decided 
that there was no deficiency of general intelligence, and no 
disorder of vision or of visual perception. There was no 
motor deficiency or general language disturbance. ‘‘The 
defect, therefore, must be a highly specialized one,” appar- 
ently consisting in lack of aptitude for associating visual 
symbols with prescribed sounds. 

Phonetic drill had already been carried to excess in efforts 
to teach this child. She centered all her attention upon 
“sounding” the words as units, with no grasp of thought 
units. Devices to extend recognition were instituted. Pas- 
sages were broken up into sentences, the individual sentences 
being typed separately on slips of paper. A card was placed 
upon the page and moved forward as fast as the child could 
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read. Flash-card work was undertaken. Printed directions 
were given, which the child followed out by appropriate 
action. Practice in reading arithmetical problems was pre- 
scribed, where it was necessary to read exactly every item. 
Parallel with instruction in reading there was instruction in 
spelling and writing. Deficiency in spelling was extreme. 

From early in October to late in December, these drills were 
given. The improvement shown on tests of reading ability 
was very marked after this brief interval. There was no 
doubt that the child could learn to read, and the prospect of 
return to the grade normal for her age seemed very good. 

Gray’s case was that of a fourth grade boy, aged 10 years 
and 4 months when the study began. This boy had been 
obliged to discontinue some of his school work, because of 
inability to read fluently and effectively. His parents were 
unusually intelligent, and his sister read well and much. 

The boy was normal physically, active and robust. At 
the age of 4 years, he began to wear glasses to correct astig- 
matism and myopia, and was constantly under the advice of 
an expert oculist. 

There was a very irregular school history, with “skipping” 
in grades 1, 2, and 3. General intelligence was slightly better 
than average, as taken by the Stanford-Binet. Ability was 
rated good in all phases of school work not requiring reading. 
On all tests of reading ability he made very low scores. Com- 
prehension was good for material read to him. 

It was seen that he recognized words individually, that his 
eye-movements were faulty, and that the mechanics of reading 
had not been rendered automatic. Special practice exer- 
cises were prescribed in recognition of words, in control of 
eye-movement, and in grouping words in thought units. 
Very marked improvement followed upon this individual 
instruction, for one hour a day, over a period of two months. 
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A careful analysis, followed up by experimental teaching, 
has been published by Fernald and Keller. Seven non-readers 
of normal vision, and of IQ’s ranging from 94 to 130, were 
studied. All learned to read, under special instruction. 
The method of teaching stressed tracing, writing, and pro- 
nouncing the words. That is, the kinesthetic elements in 
reading were emphasized. 

Fernald and Keller believe that these children had not 
learned reading, because ordinary methods of teaching neg- 
lect the ‘‘kinesthetic links.” Strong motor tendencies were 
seen in the children, even after they had learned to read 
fluently. It must be said that this study is one of the most 
satisfactory so far presented, because it gives precise quanti- 
tative measurements, and because the psychological analyses 
were so well checked up by experimental teaching. 

Gates followed up the poorest readers, all of average or 
superior general intelligence, in the Scarborough School, with 
special training in the visual perception of words, with good 
results in every case but one. 

Comment upon the implication of these studies will be 
postponed until we have considered certain further contri- 
butions to the subject, for example Burt’s observations on 
neurotics. 


VI. NERVOUS INSTABILITY AND SPECIAL DEFECT IN READING 


Burt has pointed out what every psychologist who examines 
school children can confirm, that neurotic children are often 
deficient in reading, though they may be intelligent. This 
follows from the psychology of the mechanics of reading. 
Mastery of these mechanics calls for an ordinary degree of 
coéperation, adherence to definite directions, power of sus- 
tained effort, and fidelity to bare facts. Neurotics are those 
who are characteristically inferior in these essential quali- 
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ties, among others. Where impulsive response, negativistic 
attitude, flightiness, and illusion cause failure, neurotic children 
fail. Hence many of them never learn to read, except by 
individual teaching. 

Under this category, we may consider, also, speech-defec- 
tives, for speech-defects are often symptomatic of nervous 
instability. Children who stammer or lisp may “turn against”’ 
reading, because of the ignominy they fear, in oral reading 
before their mates. A child who displays a speech-defect in 
oral reading should, for humane reasons, be excused from such 
reading before the class. 

General nervous instability naturally tends to failure in 
any school subject, which demands the quahties of character 
mentioned above as essential to the mastery of reading. Thus 
nervous, but intelligent, children may be deficient in reading, 
spelling, and arithmetic, ‘‘the tool subjects,’’ while making 
satisfactory progress in “the subject matter courses,” such as 
history, nature study, or geography, where precise connec- 
tions in prescribed sequences of relationships need not be 
formed, in order to succeed. 

Nervous instability may be found in combination with any 
degree of IQ, apparently, from dullest to brightest. The 
relation between them is not certainly known, though there 
is now considerable indication that the correlation between 
stability and intellect will be found to be positive and high 
(but not perfect). This would mean that there are very 
probably more ill-balanced children among the stupid than 
clsewhere in the distribution of IQ. That organic quality, 
which shows itself in superior intelligence, robustness, and 
longevity, also shows itself in nervous stability, more likely 
than not. 

A nervous child, who is also very stupid, will, of course, 
learn under individual instruction only what his limited in- 
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telligence will permit. The methods of mental measurement 
enable us to differentiate between the nervous child who can 
learn much, and the nervous child who can learn very little, 
under individual training. . 


VII. A FOUR YEAR STUDY OF A NON-READER 


From February, 1918, to May, 1922, the present writer 
studied and taught a non-reader, a schoolboy. 

X was brought to the Psychological Laboratory at Teachers 
College, in February, 1918, by his mother. The complaint 
was that the child could not learn to read, and on this account 
he had been suggested by his teachers for the ungraded class, 
in which feeble-minded children are taught. His mother, 
an intelligent woman, could scarcely believe X to be feeble- 
minded, because he “‘is very quick about things around home, 
is keen and capable about doing errands for money, and 
though he cannot read, gets around the city by himself.” 
She felt, however, that a boy who after over six years of in- 
struction still remained totally illiterate must require special 
advice of some kind. 

Accordingly, when the suggestion in reference to the un- 
graded class was made, the mother took X to the Neurological 
Institute, where an examination was made, in the Psycho- 
logical Laboratory. The report was then given that the child 
was not a proper pupil for such a class, and the matter was 
referred to Teachers College. 

X was born on September 23, 1906. He was therefore 11 
years and 5 months old when he was first seen by the present 
writer. His school history showed that he started to school 
in kindergarten at the age of 5 years, and went into the first 
grade at 6 years. He had been “left back” in nearly every 
class, after the study of reading began. He spent three terms 
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in 1A; one term in 1B; two terms in 2A; two terms in 2B; 
two terms in 3A; and was, when first examined, repeating 
3B. In 3B he was reported as “deficient in everything ex- 
cept conduct.’’ In conduct he was rated always as B+ or 
A. The teachers said they could not teach him. 

When X was about 7 years old, the matter of his difficulties 
was first taken up, with the family physician, who said he 
would “grow out of it and be all right.”’ As years passed, 
and the child continued to be untaught, the physician finally 
advised the visit to the Neurological Institute. 

The teacher’s opinion was that the boy must be feeble- 
minded, since five different teachers had tried to instruct 
him in reading and spelling, yet he had failed to read or spell 
any word, except his name. He could recognize his name 
among other words, and could draw it fairly well, much as he 
would draw a house or tree. He could not spel] his name. 

Vision and audition had been tested at the Manhattan Eye 
and Ear Infirmary, and the report was that no significant de- 
fect of eye or ear existed. Motor tests showed the boy to be 
right handed, so that interference in word-management, pos- 
sibly due to change in “handedness,” was eliminated. 

The developmental history of X as an organism reveals 
nothing atypical, except defects of speech and difficulty in 
reading. He was born normally, walked and talked before 
he was two years old, and was normal in dentition. But he 
did not talk plainly till he was about 6 years old. He had a 
speech defect, stuttered, and could not say “‘1’’. 

His medical history shows that he had whooping cough 
as a baby; that tonsils and adenoids were removed at the 
age of 5 years; that he had an abscess in the left ear at the 
age of 4 years, which lasted about two weeks, but did not 
impair hearing; that he had diphtheria at the age of 11 years, 
a bad case, followed by temporary paralysis of the soft palate; 
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that he had never had any convulsion or loss of consciousness ; 
that he had never had chorea, or other disease of the nervous 
system. Physically he was well developed, measurements 
on February 14, 1918, being as follows: Standing height, 
59.8 inches; sitting height, 29.6 inches; weight (with ordi- 
nary clothing on), 86% pounds; cranial circumference, 21.2 
inches; right grip (Smedley), 20 Kg.; left grip, 18 Kg.; lung 
capacity (wet spirometer), 130 cubic inches. 

As for family history, X is the youngest of four siblings, 
all others of whom learned without difficulty to read and spell. 
His sister graduated from high school with a state scholar- 
ship, went through college, and is now a teacher in a high 
school. An older brother graduated from the elementary 
school at 14 years, in spite of the fact that he missed two sem- 
esters through illness. He also had a speech defect “about 
the same as X,” but outgrewit. Another brother had reached 
8B by the time he was 13 years old. Of thirteen cousins at- 
tending school, only one had ever been “‘left back.” 

The mother had graduated at the usual age from common 
school. The father had been troubled in boyhood by a 
speech-defect, which disappeared. ‘He could not say cer- 
tain words and letters.”’ On this account he did not like 
school. As an adult he reads the newspapers, and “can write 
a straight letter.” 

X had never known any language other than English, so 
that interference of habit from other languages was ruled 
out. No attempt had been made to teach him reading at 
home, until after the reports of his disability began to be 
made from the school. 

General intelligence was measured by the Stanford-Binet 
Scalé, with a resulting score of g years 9 months mental age, 
and IQ 85. It was thus seen that general intelligence was 
quite sufficient for learning to read. From general intelli- 
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gence of this degree, in a child under ordinary instruction for 
six years, one would usually be justified in predicting close 
to a fourth grade score on tests of reading. 

In this case, however, scores of zero were yielded on all 
tests of ability to read. No word or letter on any scale could 
be read. There was, therefore, no question of making an 
analysis of the child’s difficulty through the use of such tests, 
since all scores were uniformly zero. 

X was anxious to learn, and was becoming self-conscious 
because of his failure to go ahead. At this time no speech 
defect was noted by the examiner, and it was supposed to have 
been “outgrown.” He could copy writing, with some errors, 
and, as seemed strange, could transpose print into writing, 
though slowly and with errors. 

Since sensory capacity was normal, general intelligence 
was developed well beyond the minimum at which reading can 
be taught, and character traits, such as promptness, relia- 
bility, and fidelity to duty, were reported to be better than 
average, it was decided to undertake to teach the child to 
read. Upon being asked whether he could travel alone from 
his school in Brooklyn to the office at Teachers College, both 
he and his mother replied without hesitation in the affirma- 
tive, ‘for he has ways of finding out where he is, without 
reading.” 

Accordingly, from February to June, 1918, X came three 
times a week to Teachers College, and received special in- 
struction in reading and spelling from Miss Sara Fisk, at that 
time a graduate student in the Department of Educational 
Psychology. After some experimentation with the attempt 
to teach by the word and sentence as units, Miss Fisk decided 
to begin by teaching first the alphabet, and to proceed with 
the letter as the unit. X thus learned to read, by spelling 
out the letters, and “sounding” them as he went. In this 
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way, by the first of June, 1918, he knew and could sound and 
could write every letter of the alphabet, but could not write 
the capitals; and he had a reading vocabulary of eighty simple 
monosyllables. He was advised to study through the sum- 
mer vacation, if he could. 

In October, 1918, X returned to the College, seeking in- 
struction, but Miss Fisk had discontinued her studies, and 
no teacher was available at the moment. In March, ro19, 
X’s mother reported that he had ‘‘done nothing” in read- 
ing and spelling at school, though he was not deficient in 
geography or arithmetic, and asked for assistance. Upon this 
report, X was invited to come for further instruction, which 
was given thereafter by the present writer. 

The method previously undertaken was continued. The 
Riverside Primer was mastered, between March and June 
of 1919. Each new word was learned by spelling aloud and 
sounding. After several repetitions of this process, a new 
word would be assimilated into the vocabulary which could be 
read at sight, with the word as the unit of perception. In 
June of 1919, X could read any word in the Riverside Primer, 
either at sight or by spelling, and could write without error 
every letter of the alphabet, both small letters and capitals. 
He could also read simple matter which interested him in 
daily life, such as the weather reports, from newspapers. 

From October, 1919, to June, 1920, X came for one hour 
each week, to be instructed. The Riverside First. Reader 
was studied through. He made steady progress, as may best 
be seen from the repeated measurements on Trabue’s “ Lan- 
guage Scale A,” which are illustrated in Figure 6 (page 77). 

In September, 1920, X entered grade 5B, being 14 years 
of age, three years retarded in school status, by the New York 
City age-grade norms. His speech defect was again notice- 
able. All through this year, till June, 1921, he came for one 
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hour each week to take instruction in reading and spelling. 
The series of Riverside readers was now abandoned, in favor 
of the history and other books used regularly in grade 5B. 
Toward the end of that school year, some reading was also 
done from boys’ stories, in which X had spontaneously be- 
come interested during the summer of 1920. 

From October, 1921, to May, 1922, stories written for boys 
were used as material for the reading lesson. X brought with 
him whatever book he happened to be reading at the moment, 
and the lesson was taken from it. By this time X had be- 
come so fond of silent reading as a pastime that several diff- 
culties in oral reading, not previously present, developed. One 
of these was the tendency to guess at new words, without 
waiting to perceive them accurately, in order to get on with 
the story. Another was the tendency to leave out all well 
known and unimportant monosyllables, such as “‘and,”’ “‘ the,” 
“but,” “of,” “who,” and so forth. These words he knew 
unerringly when he could be induced to look at them, but in 
silent reading he had evidently formed the habit of neglect- 
ing them altogether. These faults were corrected by prac- 
tice in reading backwards, which offers no incentive to skip 
words. 

Samples of X’s tests in reading are reproduced in Figures 
6, 7, and 8, in order that an accurate idea may be conveyed 
of his growth in power to gain meaning from the printed page. 

X’s account of a week’s reading, reproduced in Figure 9 
(page 86), gives an idea of the amount of outside reading reg- 
ularly done, and at the same time an idea of proficiency in 
writing and spelling words, attained in January, 1922. 

A partial list of books read for pleasure, on his own initia- 
tive by X, between December, 1921, and May, 1922, gives an 
idea of the practice he had in silent reading outside of formal 
instruction. This is presented on page 8s, as follows. 
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Feb. 14, (918, 


ON EACH LINE WRITE THE WORD WHICH MAKES THE BEST MEANING 
ONLY ONE WORD ON EACH BLANK 


1. The sky blue. 
2. We are going school. 
3. The kind lady ————_—the poor man a dollar, 
4. The = plays —_________ her dolls all day. 
5. Time —____—__ often more valuable money. 
6. Boys and —_____ soon become and women. 
7. The poor baby —________ as iff it were —_________ sick. 
3; The... 1068... the morning and ——-_—. at night, 
OUNitisigood to hear VOICe friend. 
10. She ——____——_ if she will. 
11. The poor little —___—__ has -_____ no thing to ——___. he is hungry. 
12. The boy who ———__—_- hard —_________ do well. 
13. Men —— more ——_____ to do heavy work than women. 
14. It is a _______ task to be kind to every beggar ————____._ ~_________for money. 
15. Worry, ——————- never improved a situation but has —————___made conditions ——_——— 
16. A home is —————_—- merely a place —________ one —__________ live comfortably. 
17. It is very ——____ to become —_—_______ acquainted —________ persons who 
timid. 
18. To ———_____ many things —________ ever finishing any of them ——______ a 
habit. 
19. One’s real —______- appears —________ often in his ————__ than in his speech. 
20. When one feels drowsy and ———______ it _________ happens that he is ______ to fix his 
attention very successfully —______ any thing. 
21. The knowledge of ———____ —____— use fire is of ——_=___imiportant 
things known by ———————- but. unknown ———___—-. animals. 
22. that are ________- to one by an —_____— friend should be pardoned 
readily than injuries done by one —_______ is not angry. 
23) AG ceentoees (ENUS 16 a1Ways. ——— thie jit takes. 
24. One ought to —____- great care to —_—____ the right — —_____ of habits, for one 


who ——_______ bad habits. ——_______. it _—_______. to get away from them, 


Fic. 6— Part 1. 


The five parts of Figure 6 show how X improved as measured by Trabue’s “Lan- 


guage Scale A,” from Feb., 1918, to Dec., 1921. 
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Nov. Al, / raat 


ON EACH LINE WRITE THE WORD WHICH MAKES THE BEST MEANING 
ONLY ONE WORD ON EACH BLANK 
The sky —_—_—— blue. 


We are going —_=—~-_- school. 


The kind lady the poor man a dollar. 
The —$——_—_—_— plays. her, dolis:all days 
Time —__————_ often more valuable —__———_—_money. 


Boys and —__————- soon become —______- and women. 

The poor baby —_—____ as iff it were —_______ sick. 

The —__———__ rises __________ the morning and —__—__——-at night, 
It is good to hear ——_—_—____ voice —________ ——_—__—— friend. 


She ——_—___—- if she will. 


.. The poor little —————_— has —_________ nothing to he is hungry. 


The boy who ———__—_ hard ——________ do well. 

Men —————_ more —-——_ to, do. heavy work than women. 

It is a ________ task to be kind to every beggar ——__—____ ~_________ for money. 

Worry. —————— never improved a situation but has ——————__made conditions 

A home is ——————- merely a place —_______ one —__________ live comfortably. 

It is very —______ to become. —_________ acquainted —_________ persons who 
timid. 


To ———___ many things —________ ever finishing any of them —————__ a 


habit. 
One's real —____——. appears —__________ often in his —_______ than in his speech. 
When one feels drowsy and ——________ it _______ hap pens that he is --______ to fix his 


attention very successfully ——_______ anything. 


The knowledge of ———_____. __ ue fire is ——___- 0 f = sscemmress important 


things known by ————_____ but unknown ——_______- animals. 
that are _______ to one by an —_______ friend should be pardoned 
readily than injuries done by one —_________ js not angry. 

To ———___—_ friends is always _________ the ________ it takes, 

One ought to —____—_- great care to ________ the right of habits, for one 


bad habits —_______ it ________ to get away from them. 


who 
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Feb. 11, 'Px0. 


ON EACH LINE WRITE THE WORD WHICH MAKES THE BEST MEANING 
ONLY ONE WORD ON EACH BLANK 


The sky p= hue 

We are going _ xe school. 

The kind lady the poor man a dollar, 

The Ba ee ————— her dolls all day. 

Time —____—__ often more valuable —_________money. 

Boys and —_______ soon become —_______—- and women. 

The poor baby ———____—_ as if it were —-—___ _____ sick. 

The ——________ rises ________ the morning and ———_—_——_ at night. 
itis good to hear - voice ——————) 4 friend. 
She ——————- if she willl. 

The poor little ————_—__— hag —__—_—____ nothing to —————__- she is hungry. 
The boy who ——______.. hard ———_______ do well 

Men ——————_ more ———__—__ to do heavy work than women. 


It is a ______ task to be kind to every beggar for money. 


Worry. —————— never improved a situation but has_———_____made conditions 

A home is ————_—— merely a place —_—___ one —_________ live comfortably. 

It is very ——__——_ to become —________ acquainted —________ persons who 
timid. 

To ———__— many things —_____ everr finishing any of them ———__—_ a 
habit. 


One’s real ——_——_—_ appears —________ often in his --__——_ than in his speech. 


79 


When one feels drowsy and —_________ it ___________ happens that he is --_______ to fx his 


attention very successfully —______ any thing. 


The knowledge of ——________ —_______ use fire is 


things known by ———__—_—_- but unknown ~—_—_—_—_— animals. 
that are ____ to one by an —___ friend should be pardoned 
readily than injuries done by one —_—____ is not angry. 


{h@veseee ee ilitakess 


To ———_—_—_— friends is always 
s 
One ought to —_——_—- great care to the right --_____- of habits, for one 


who ——___ bad habits —_____ it --______ tt get away from them. 
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. One ought to _______ great care to ——______ the right 
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Cpr. 7, 17nro. 


ON EACH LINE WRITE THE WORD WHICH MAKES THE BEST MEANING 
ONLY ONE WORD ON EACH BLANK 
The sky — AF _ due. 


We are going school. 

The kind lady Jive poor man a dollar: 

The Alb plays att... dolls all day. 

Time —44-_ often more valuable Soha, 
Boys and soon become LV OWL aAd women. 


The poor toby oho as if it were pre? Ge 


The Awe rises _<O*%—_ the morning and abpe night. 

It is good to hear ——___ voice eS friend. 

She if she will, 

The poor little tad has ——__—__——" nothing TS eee she is hungry. 

The boy who ———__ hard —________ do well. 

Men ——————- more —-———_ to. do heavy work than women. 

It is a _________ task to be kind to every beggar ———____-._ ~_________ for money. 


Worry. ——————_ never improved a situation but has _——————__made conditions 


A home is 


merely a place —_—_—___ one —__________ live comfortably. 
It is very ————__ to become ——_______ acquainted —_________ persons who 


timid. 


. To —————. many things —________ ever finishing any of them ——________ a 


habit. 


One's real —___—__ appears —-______ often in his ——_—_____ than in his speech. 


" When one feels drowsy and —_________ it __________ happens thathe is —_______ to fix his 


attention very successfully —________ any thing. 


The knowledge of —_______ —________use fire is —______. of _________ important 


things known by ————__—- but unknown ————__- animals. 


that are —________ to one by an —________ friend should be pardoned 


readily than injuries done by one —________ is not angry. 


“To friends is always ——_—_-_—_ the —_________ it takes. 


of habits, for one 


who bad habits’ 


it _________ to get away from them, 
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ON EACH LINE WRITE THE WORD WHICH MAKES THE BEST MEANING 
ONLY ONE WORD ON EACH BLANK 


The sky —4~2— _ blue. 


We are going 
The kind lady 
The 


Time2_4—_ 


Boys and 


school. 


the poor man a dollar, 


plays thE ve, dolls all day. 


often more valuable 


money. 


soon become “H4%— _ and women. 


The poor baby -Ao— as if it were sick. 
The AtAnm— rises Ae the morning and 


It is good to hea oe 


he will. 
The poor little ae 


The boy who wate, 
Men 


It is a 


Worry. 


A home is —A— __ merely-a piace ——_—— —__—_ one = 


to become ———______ acquainted 


It is very 


To 


One’s real 


at night. 


a ymin 


nothing to af she is hungry. ) 


do well. 


task fo be kind to every beggar 


never improved a situation but has 


timid. 


diet | ane ee to do heavy work than women. 


for money. 
made conditions 
live comfortably. 


persons who 


many things —_______ ever finishing any of them ———_—_——_ a 


habit. 


appears —_________ often in his 


When one feels drowsy and 


attention very 
The knowled, 


things known 


To 
ae 
One ought to 


who 


successfully 
ge of 
by 


that are 


Fh dona EG 
anything. 
use fire is 
but unknown 


to one by an 


readily than injuries done by one 
friends is always the 
Great care to —_____ the 


-bad habits = 
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than in his speech, 


appens that he is to fix his. 


of ——_—_—_—___ important 
animals, 
friend should be pardoned 
is not angry. 
it takes, 
right —__—____. of habits, for one 


to get away from them. 
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ap CUM SHG ee: 


Read this and then write-the answers. Read it again if you 
need lo. 


Both before and after Christmas, Bob Adams worked 
harder than he did in the spring, summer or fall. Only 
very rarely did he reach home before eleven o’clock; 
and on every morning except Sunday he was up at six, 
dressed and done with breakfast by quarter of seven, 
left the house at ten minutes of seven and reached Mr. 
Clark’s store at ten minutes of eight. In spite of the 
long hours and hard work, he was happy because his 
pay had been raised twice. 


14, What was the cause of Bob’s pleasant feelings?.. . 


io: Ueto Bob is mentioned in 


the paragraph?. hex a a 


16. How often did Bob reach home before eleven 


Se ies 2S ge 
Read this and then wrile the answers. Rea again if you 


need to. 


Nell’s mother went to the store on Water Street to 
buy ten pounds of sugar, a dozen eggs and a bag of salt. 
She paid a dollar in all. Nell and Joe went with her. 
On the way home on Pine Street, they saw a fire-engine 
with three-horses. 


17. Who paid for the sugar?. Hoel be cen 
18. Where did Joe go? No kavends us. 


19. Whose mother went shopping?. Able 
Do the next page. 


Fic. 7— Part r. 


The two parts of Figure 7 show X’s improvement in silent reading, from April 1S} 
(On the latter date, X answered 23 questions correctly, scoring 
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Dyte. 4, Vaalp 


Read this and then wrile the answers. Read it again if you 
need to. 


Both before and after Christmas, Bob Adams worked 
harder than he did in the spring, summer or fall. Only 
very rarely did he reach home before eleven o'clock; 
and on every morning except Sunday he was up at six, 
dressed and done with breakfast by quarter of seven, 
left the house at ten minutes of seven and reached Mr. 
Clark’s store at ten minutes of eight. In spite of the 
long hours and hard work, he was happy because his 
pay had been raised twice. 


14. What was the cause of Bob’s pleasant feelings?. . . 


aoe foe hota pare Tasirre 


15. What other person besides Bob is mentioned in 


the paragraph?. . (i ee. ONE Ap ra Uv ene 


16. How often did Bob reach home before eleven 


Block? arsed OLA. ef) arene 


Read this and then write the wers. Read it again if you 
need to. 


Nell’s mother went to the store on Water Street to 
_buy ten pounds of sugar, a dozen eggs and a bag of salt. 
She paid a dollar in all. Nell and Joe went with her. 
On the way home on Pine Street, they saw a fire-engine 
with three horses. 


17. Who paid for the sugar?... Ae La. Dhan 
18. Where did Joe go?.. port, eles sk Ingther 


19. Whose mother went shopping?. .( 2*4-der...... 
¥ Do the next page. 
Fic. 7 — Part 2. 


1921, to Dec. 2, 1921, as measured by Thorndike-McCall “Reading Scale,” Form 1. 
52 points, which j is the norm for the end of grade 6 B.) 
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In a country far across the sea is a land of mountains and 
valleys and many wonderful lakes and rivers. When the spring- 
time covers the mountain sides with fresh green grass, thousands 
of cattle are driven up into them to graze during the summer. 
Here they are watched and tended by the men from the villages, 
while the women are busily preparing butter and cheese for the 
market. The men hang bells about the necks of the cows so 
that they can locate those which wander from the herd. In the 
fall, when the cattle are driven down again into the valleys, there 
is great rejoicing and a holiday among the children, 


19. Drawa line under those who spend the summer preparing 
food for the market. 
20. Drawa ring around those who make merry in the fall. 


21. Draw a cross under what helps the men locate the wan- 
dering cows. 


Fic. 8. — Showing X’s ability to get meaning from printed words, in May, 1922, as 
tested by Haggerty’s “Sigma 1,” for grades 1 to 3. This does not represent X’s maxi- 
mum ability, but is presented as a sample of his work on this scale. 


READING 


Two Young Patriots. E.T. Tomlinson. 


85 


Ralph on the Overland Express. Allen Chapman. 


Scouts of Stonewall. J. A. Altsheler. 


Army Boys on the Firing Line. Homer Randall. 


Among the Malays. G. A. Henty. 


Ralph in the Rocky Mountains. Allen Chapman. 
The Outdoor Chums at Cabin Point. Quincey Allen. 


Huckleberry Finn. Mark Twain. 

Andy at Yale. Roy E. Stokes. 

Adventures of Sherlock Holmes. Conan Doyle. 
Repeated mental tests of X resulted as follows: 


(Feb. 14, 1918. M.A. 9-9. 


Stanford-Binet ; Dec. 5, 1919. M.A. 11-3. 
Jan; = 6,-1922., MoAcI2—7. 
Pintner’s ‘“‘Scale of Performance Tests.’ Dec. 


Median M.A. 11-0. 


Healy’s “Pictorial Completion No. I.” 446 points. 


year performance). Dec. 26, 1919. 
Healy’s ‘Pictorial Completion No. II.” 
Wee: 20,1010. 


10:35." 
IQ 85. 
TO"82: 
26, IgI9. 


(11- 


55 points. 


Stenquist ‘‘Mechanical Tests,” Series I. Feb. 3, 1922. 


Raw Score, 54 points. T score, 61. 


It is of interest to note that a scale like Stanford-Binet, 
against which has been repeatedly brought the a priori ob- 
jection that it depends on verbal acquirement, is capable of 
differentiating a non-reader from the feeble-minded. It is 
also interesting that the Pintner “Scale of Performance Tests,” 
which does not include ability to read at all, gives almost ex- 
actly the same result as the Stanford-Binet, in this case. 

X is a boy of superior character. He never missed an ap- 
pointment with his instructor, and was never tardy except 


1 If alternates are counted instead of the four tests which directly involve reading or spelling, 


these IQ’s become 88, 85, 87, respectively. 
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once, unavoidably. He gave up pleasures, such as trying 
out for baseball, in order to learn reading. When asked why 
he did so, he replied that “You most probably can’t get a liv- 
ing playing baseball, but you can get a better living if you can 
read.” These qualities of perseverance and fidelity to duty 
were undoubtedly very important factors in such success as 
was achieved. 

Why did X not learn to read as children of his general char- 
acter and endowment usually do, in the ordinary course of 
schooling? After four years of studying and teaching him, 
the present writer cannot give a definite answer to this ques- 
tion. He was finally taught to read by a method in which 
the letter is the unit of perception, and in which words are 
read in the first place by spelling them aloud. This is not the 
method used in the schools where X attended, nor in any 
modern school. 

Still, the possibility of teaching him by some method other 
than that which succeeded, has not beenexcluded. It iseven 
possible that he might have learned to read by the very method 
used in the schools, under individual instruction, where 
each habit can be scrutinized as it is being formed. Ina 
class of forty or fifty children, each demanding attention, 
a teacher cannot succeed with an individual pupil, by any 
method, as well as with that pupil alone, by that same method. 

It was observed throughout the teaching of X that he con- 
stantly made appeal to his ear. He could always grasp a 
difficult word more easily by hearing it spelled aloud, than he 
could by seeing it. In order to obtain some quantitative 
statement of the extent to which auditory perception showed 
an advantage over visual perception in his case, the following 
experiment was tried. 

In the spring of 1922, on four successive weekly appoint- 
ments, 27 paragraphs, comprising 4131 words, were read by 
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X, both (1) through the ear, the teacher spelling the words, 
and X pronouncing them without seeing them, and 
(2) through the eye, X seeing and saying the words, in the usual 
way. The order of these procedures was reversed for alter- 
nating paragraphs, so that no advantage to either method of 
perception would accrue from practice. 

Errors are of two kinds —misreadings and omissions. 
Omissions in sight reading were not counted, since, according 
to the method whereby the teacher spelled successive words to 
X, no omissions were possible. Misreadings only were counted. 
In reading these paragraphs, X made 162 errors through 
the eye, and but 57 errors through the ear, in perceiving the 
same words. 

This great reduction in error through auditory channels 
might, however, be due to the fact that by that method only 
one word was presented at a time, whereas in the ordinary 
visual reading the whole page of words was presented, acting 
as a distraction. In order to check this possible error in 
interpretation, one hundred isolated words were presented 
to the eye and to the ear, reversing the procedure alternately 
for every ten words. The ratio of error was nearly the same 
as in the first experiment. X can now, in fact, pronounce 
almost any puzzling word in ordinary reading matter, such 
as is found in newspapers, by spelling it aloud. 

It seems reasonable, therefore, to infer that there are certain 
specific attributes of the auditory elements in reading, which 
were especially important for education, in this boy’s case, 
and which were not much utilized by the method of teaching 
employed. By teaching him the letter, with its various pos- 
sible sounds, as the unit of perception, we supplied him with 
a tool which enables him to construct words for himself, 
through the channels which are easiest for him. This has 
not rendered him fluent, but it has rendered him literate. 
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Altogether, he had from us about a hundred and fifty hours 
of special instruction. The present writer believes that with 
several times as much practice as X has had, he will become 
a reasonably fluent sight reader, dropping out the spelling 
almost entirely. 

This case is very much like those referred to by Hinshel- 
wood, and it is interesting that the teachers adopted, after 
trial and error, the same method adopted by Hinshelwood, 
without being familiar at that time with Hinshelwood’s con- 
tribution. 

Inasmuch as a certain practical interest attaches to the final 
outcome of educational adjustment in such cases, it may be 
stated that X at the age of sixteen years will leave the ele- 
mentary school, having completed grade 6B. He will then 
seek admission to a trade school, maintained by one of the 
great industries. 


VIII. SUMMARY OF STUDIES OF NON-READERS 


We see, therefore, that non-readers, of general intelli- 
gence much above the minimum level required for reading, 
do learn to read when special training is given. This training 
may stress phonics (Schmitt), it may stress the motor and 
kinesthetic avenues of approach (Fernald and Keller), or it 
may stress visual perception (Gates). It may or may not 
proceed by use of the old “alphabet” method (Hinshelwood). 

What is the interpretation of the facts reported? Does 
it not seem certain that general intelligence is, as indicated by 
the high coefficents of correlation obtained between reading 
and intelligence, the chief consideration, in predicting 
whether or not a child will learn toread? Would it not appear 
that children of adequate general intelligence, and of normal 
sensory capacity, learn to read when given intensive training, 
whatever avenue of approach may be particularly stressed ? 
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It is not credible that all the non-readers found by Schmitt 
in Chicago, chanced to have a kind of disability approachable 
by phonics, and in no other way; that those discovered by 
Fernald and Keller in California were so constituted that they 
could be approached through motor exercises, and not other- 
wise; that Gates’ cases in the Scarborough School all hap- 
pened to be susceptible to training through visual methods, 
and through no others. In fact, no investigator has estab- 
lished his or her method as the only method of successful 
approach to particular cases, by excluding other methods 
through experimental teaching. 

For non-readers such as have been described under the 
criteria laid down by the investigators quoted, it seems highly 
probable that the best method would be that wherein all the 
avenues of approach are fully utilized. Such a method would 
combine all the special exercises devised by the various in- 
vestigators, in a proportion and sequence, which should be 
determined upon as optimum by experimental teaching. 

Such a method, when experimentally established, would 
be most suitable for all children — not for the extreme of the 
distribution exclusively. Here, as in so many questions of 
pedagogy, all children might profit from our study of the ex- 
treme cases, who differ from the typical in degree only. 

Children of normal sensory capacity, and of IQ average 
or superior, typically learn to read passably well, without 
approach through all the possible avenues, and without special 
attention on the part of the teacher to all the elements in- 
volved. A few such children require intensive teaching in 
order “to pass” in reading, because of specific idiosyncrasies. 
If the methods that succeed with the extreme cases were ap- 
plied to the typical class, perhaps the children might learn 
to read, not “passably,” but very well. There might be a 
rise of ten points in norms for reading ability throughout the 
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grades. Such perfection of method might or might not elim- 
inate entirely the necessity for individual teaching of special 
cases. Probably it would not, in classes as large as those 
seen in most of our public schools to-day. 


IX. CASES OF SPECIAL ABILITY IN READING 


It is characteristic throughout of educational psychology, 
that much more is known concerning the unable than is known 
concerning the able. The welfare of the strong is neglected 
by science and by education. It follows that the bibliog- 
raphies dealing with the deficient, the sick, and the erring 
are very long, while those dealing with the gifted, the ex- 
tremely healthy, and the unusually upright are very brief. 
Modern society gives a very disproportionate amount of 
time, money, and sympathy to its least profitable members. 

The few cases of extreme special forwardness in reading, 
which are available for reference, are of children who were 
probably of very high IQ. Most of them were avowedly so. 
Terman has supplied numerous instances of children who 
learned to read in the third or fourth year of life, all of them 
of more than 130 IQ. Francis Galton, who could read flu- 
ently when he was 4 years old, was probably of IQ near 200, 
as has been gleaned from other biographical evidence. 
Ability to read is in such cases not special. 

In 1o910, the case of Otto Pohler was reported. He was a 
child in Braunschweig, who could read German and Latin 
at the age of 1 year and 9 months, and also could read German 
numerals. The subsequent history of this infant shows that 
at the age of 15 years, he was an Obersekunder in the gymna- 
sium, and that at 17, he was within one and a half years of 
the University. It is certain, therefore, that general intel- 
ligente was superior, but the degree of superiority cannot be 
guessed, except within wide limits. 
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It seems probable that the ability to read was somewhat 
special, in the sense that it exceeded the expectations from IQ. 
In order to read fluently before the second birthday, a child’s 
IQ would have to approach 300, to coincide with expectations. 
From what we know at present of the limits of IQ, it would be 
impossible for any child to stand at 300 IQ. The case of 
Otto Péhler is, therefore, probably one of especially great 
ability to read, in a child of generally superior endowment. 

A similar case is that of Martha, communicated anony- 
mously by her father, through Terman. Martha was seen by 
Terman at the age of 2 years, when she read fluently from an 
ordinary primer. The method and amount of instruction 
which led to this astonishing result, are set forth in the account. 
Expectation from reading ability alone would place Martha’s 
IQ at something near 300, for she read what a typical child of 6 
years can read. Later Terman tested the general intelli- 
gence of this child, and obtained a rating of 150 IQ. 

Thus Martha’s phenomenal ability to read must be con- 
sidered special, in the sense that IQ fell far short of expecta- 
tion therefrom. 

A year ago a child was brought to the present writer for 
mental examination, because he could read newspapers flu- 
ently at the age of 4 years. Upon being measured for speed 
and accuracy in oral reading, he fell at the 10-year norms 
(fifth grade). An IQ of over 200 would be inferred from this, 
assuming the ability in mechanics of reading to be in no way 
special. As a matter of fact, IQ fell at r42. Scores for com- 
prehension of reading fell at 7 years (second grade norms), cor- 
responding with general intelligence. 

Upon retests this year, the scores were as follows: mechan- 
ics of reading English (speed and accuracy), fifth grade norm; 
comprehension in reading, high third grade norm; mental age, 
8 years 6 months; IQ 147. This child’s ability to read is 
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special, though general ability in mental work is very superior, 
too. 

These are all cases of generally gifted children, where mas- 
tery in the mechanics of reading is, however, in each case 
much beyond performance in other respects. Cases where 
test scores have been presented to show special discrepancies 
in reading, in children of very inferior IQ, have been reported 
by White, in collaboration with Poull. from the psychological 
laboratory of the institution for feeble-minded children, in 
New York City. The children in the school who could read 
were canvassed, and those who could not read were similarly 
canvassed, until two groups of five each were selected, all 
members being above six years mental age, where reading can 
typically be learned. The two groups compared as follows 
in age, general ability, and schooling. 


M.A. IQ Age Years at School 
Reading Group 6—8 69 9—8 22 
Non-reading ‘‘ 7—10 63: 11—S 4.8 


It is thus seen that the non-readers have every advantage, 
being one year higher in mental level, having had a double 
amount of schooling, and being of the same IQ! as the readers. 
The investigators then had before them two groups of gen- 
erally inferior children, of which the members of one had 
ability to learn reading, not possessed by members of the 
other. 

Tests based on investigations of the psychology of reading 
were then given. These were for auditory and visual acuity, 
ability to perceive and reproduce articulate sounds, ability 
to cross out A’s and to check numbers, to attend to several 
impressions instantly, and to associate numbers and other 
symbols through the eye and through the ear. No significant 


1 For all practical purposes, IQ’s differing from each other by not more than 5 points are 
equal, 
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differences in group scores were found, except in the last tests 
mentioned — those of forming associations between symbols. 
Here the readers made reliably higher scores than did the non- 
readers. 

The investigators did not measure the reading ability of 
their subjects, but selected the children from the school re- 
ports, as to “reading” and “not reading.” The precise ex- 
tent of specialized discrepancy between general intelligence 
and reading ability among the children cannot, therefore, be 
calculated. However, it may be inferred that two of these 
children had some degree of special ability. One of these, 
IQ 67, mental age, 6 years 7 months, is described as the best 
reader in the group, and it is said of her that she “reads well.” 
Another, IQ 79, mental age, 6 years 7 months, is said to “read 
very well,” being then in the second year of attendance on 
school. 

A few cases of superior ability to read, occurring in combi- 
nation with low IQ, have also been reported by Bronner. 


X. THE SIGNIFICANCE OF LITERACY 


Reflection will show at once the great importance of reading 
for school progress, since our schools are virtually reading 
schools. Almost no subjects included in the curriculum can 
be learned without mastery of reading. Also the importance 
of literacy for life in modern times can scarcely be overstated. 
Those who learn to read easily at an early age thus have a nat- 
ural advantage; while those of good intelligence, who have 
difficulty, should be assisted in every way to learn. 

There are certainly very few children of IQ over 100, with 
normal eyes and ears, who do not learn with ease to read. A 
census would doubtless show that most cases of special dis- 
ability in this respect lie between 50 and 100 IQ, that is, in the 
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lower half of the distribution for general intelligence. Fildes, 
who measured the general intelligence of twenty-six non- 
readers, whom she studied, found them distributed as follows, 
with respect to IQ (Stanford-Binet) : 


LOerar eels sao) Ctchild 

1032-832). 4 2s -aechildren 
LOW O-7 Omeeeaka fewee, occhildren 
1020-66 =. 5. 28> <._-. 13.children 


It may be argued that children who cannot read necessarily 
tend to fall low on Stanford-Binet, because the tests composing 
the scale are weighted against non-readers. The validity of 
this argument is doubtful, in view of the fact that but four 
out of seventy-four tests (not including alternates, of which 
none require reading) directly involve ability to read or spell. 
As a matter of fact, Fildes found no correlation among her 
twenty-six subjects, between IQ and ability to read, as meas- 
ured by reading tests. “Two of the worst readers were the 
least intelligent and most intelligent boys. The three worst 
cases examined, 7.e., cases with no reading power at all, had 
intelligence quotients of 61, 79, and 78 respectively. Many 
defective boys with such high intelligence quotients read 
quite well.”’! 

Non-readers who fall between 80 and 100 IQ are especially 
worthy of attention, since they have sufficient general intel- 
ligence to make considerable use of reading, and to suffer a 
special handicap from illiteracy. 

It may be confidently stated, as a result of the research of 
the past five years, that all children of average or better than 
average general intelligence are capable of literacy; and that 
very early use of and interest in reading are strongly sympto- 
matic of general superiority in selective thinking. From these 

1 Fildes’ subjects ranged in birthday age from 9 to16 years. In criticism it should be stated 


that correlation between IQ and ability to read cannot be clearly interpreted unless an array of 
birthday ages is given in conjunction. Fildes does not give such an array. 
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facts we may hark back to the conclusion of the physiological 
psychologists, Ladd and Woodworth: “Indeed, the entire 
cerebrum would seem to be, of necessity, involved in man’s 
linguistic attainments and uses.” Mastery of language is, as 
Binet concluded, one of the most reliable indications of com- 
petence in general. 
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CHAPTERS > 


SPELLING 


I. COHERENCE AMONG LINGUISTIC FUNCTIONS 


AccoRDING to Meumann, the whole field of language is a 
unit, psychologically considered. Reading, spelling, compo- 
sition, the learning of foreign languages should thus be inti- 
mately interconnected for a given individual. He who learns 
one readily, should also readily learn the others, without not- 
able exception. 

This view of the close coherence among linguistic functions 
is borne out, also, by the work of Gates, already cited, in which 
he found high positive correlations among perceptual tests 
which use words as materials. 

We must notice, nevertheless, that the correlations fall 
considerably short of unity. Illustrative cases show that 
occasionally children are found who can read well, but cannot 
spell legibly, though the present writer has not seen cases of 
the opposite condition, and has not found them reported in 
the literature. 

Special defect in spelling will, therefore, be given separate 
consideration, though it must be recognized that abilities 
in spelling and reading are usually closely associated. 


II. ANALYSIS OF LEARNING TO SPELL 


It is virtually impossible for an educated adult, whose spell- 
ing habits have long ago become automatic, to reconstruct 


from introspection the long, difficult, and complex processes 
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through which he passed in learning to communicate by means 
of correctly spelled words. Such an adult may gain some 
idea of what is involved in the spelling process by confronting 
himself with the task of learning to spell and write words 
upside down and backwards, but even so the experience of the 
child is not duplicated. 

Analysis teaches us that this aspect of linguistic attainment 
ordinarily involves the formation of a series of connections 
approximately as follows: 

(1) An object, act, quality, or relation is “bound” to a 
certain sound, which has often been repeated while the object 
is pointed at, the act performed, and so forth. In order that 
the connection may become definitely established, it is neces- 
sary (a) that the individual should be able to identify for 
himself the object, act, quality, or relation, and (6) that he 
should be able to recollect the particular vocal sounds which 
have been associated therewith. When this is accomplished, 
the sound has become a word. 

(2) The sound (word) becomes “bound” with perform- 
ance of the very complex muscular act necessary for articu- 
lating it. 

(3) When school age is reached, certain printed and written 
symbols, arbitrarily chosen, visually representing sounds, be- 
come “‘bound”’ (a) with the recognized objects, acts, and so 
forth, and (6) with their vocal representatives, so that when 
the symbols are presented to sight, the word can be uttered 
by the perceiving individual. This is what we should call 
ability ‘to read” the word. 

(4) The separate elements of the symbols (letters) become 
associated with each other in the proper sequence, and have 
the effect of calling each other up to consciousness in the pre- 
scribed order. When this has taken place we say that the 
individual can spell orally. 
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(5) The child by a slow, voluntary process ‘“‘binds’’ the 
visual perception of the separate letters with the muscular 
movements of arm, hand, and fingers necessary to copy the 
word. 

(6) The child “binds” the representatives in consciousness 
of the visual symbols with the motor responses necessary to 
produce the written word spontaneously, at pleasure. 

This analysis is probably not exhaustive, but it provides 
a foundation on which to construct an understanding of poor 
spellers. Obviously, poor spelling may be due to one or an- 
other of quite different defects, or to a combination of several 
defects. In an ability so complex there is opportunity for 
the occurrence of a great variety of deficiencies. In any par- 
ticular case the underlying cause can be discovered only by 
means of a psychological examination covering the various 
processes involved. 


III. PSYCHOLOGICAL EXAMINATION OF POOR SPELLERS! 


Poor spelling, like poor reading, may be due to sensory de- 
fects, either of the ear or of the eye. If sounds are indistinct, 
or if visual stimuli are vague or distorted, the prescribed 
connections involving these elements will be difficult to form. 
Thus tests of auditory and visual acuity must be given. If 
any sensory defect is revealed, it should be corrected, if it is 
corrigible. 

The degree of general intelligence must be determined. Fail- 
ure to learn to spell is frequently symptomatic of general 
incompetence, though not so frequently as in the case of read- 
ing. The correlation coefficients cluster around .50 only, in 
the case of spelling and general intelligence. Quite a number 
of children will be found, whose achievement in spelling shows 


1 The substance of discussion under this topic is reprinted by courtesy of the Teachers Col- 
lege Record, from the issue of that journal for March, 1919. 
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marked discrepancy with general capacity. Spelling is more 
mechanical than reading, so that the stupid may more easily 
master it by tireless drill, while the intelligent are not likely 
to derive so much pleasure from it or to practice it so much. 

The connections which are described in our analysis under 
(2) may be inadequately or incorrectly developed. This 
would be faulty pronunciation. This is undoubtedly a very 
prolific cause of poor spelling. Such errors as ‘“‘a-f-t-e-r- 
w-o-o-d-s”” for “afterwards,” ‘‘w-h-e-n-t” for ‘‘went,” 
**p-r-e-h-a-p-s”’ for ‘“‘perhaps,” will-serve to illustrate this 
point. In observations on poor spellers, such errors are found 
by the score, and it is discovered that the words are pronounced 
as spelled. Thus the poor speller should be tested for the 
pronunciation of the words which he misspells. It may be that 
drill in correct pronunciation is what is needed, in order to 
improve his spelling. 

Faulty pronunciation may itself be due to various causes. 
In the majority of cases it doubtless arises from false auditory 
perception, as in such misspellings as ‘‘hares breath”? for 
“hair’s breadth,” and “ Mail Brothers” for ‘‘ Mayo Brothers.” 
In other cases it arises from inability to articulate properly, as 
with children who stammer or lisp, or have nasal obstructions. 

It may be that a pupil’s weakness lies in the formation of 
connections, which we have noted in our analysis under (3). 
The formation of these connections involves visual perception, 
habits of interpretation through the eye, which have been 
found to be of first rate importance in spelling. We may 
refer back to the discussion of the perceptual factors in read- 
ing. In spelling, also, it has been discovered that error is not 
distributed at random, but follows certain laws. For in- 
stance, there is a constant tendency to shorten, rather than to 
lengthen words in misspelling them. The influence of any 
letter over error varies greatly with the position of the letter 
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in the word. The last halves of misspelled words show many 
more errors than are found in first halves. From these and 
other facts it is apparent that failures in visual perception con- 
tribute to the difficulties of poor spellers. In order to de- 
termine whether such is the case with any particular child, it 
will be necessary to make an analysis of his work, to see whether 
the distribution of his errors reveals such perceptual weakness. 
If a child can spell the first halves of words correctly, but does 
not spell the last halves, or if he learns to spell the upper halves 
of words correctly, but cannot spell the lower halves of them, the 
remedy is to bring about readjustments of attention, whereby 
he will /ook ai those portions of words, which formerly he failed, 
unconsciously, to see. 

Poor spelling may be due to sheer failure to remember — 
failure to retain impressions which were originally clearly and 
correctly perceived. This may mean simply that the child 
requires unusually numerous repetitions before he can form 
the connections described under (4) in our analysis; or it 
may be that his memory span is abnormally brief, and that 
he cannot easily associate more than three or four elements 
together as a unitary sequence. Tests of memory span for 
various kinds of materials should be instituted, in order to 
gain light on this point. If it appears that his performance is 
decidedly below the normal for his age, especially when the 
material is letters, it may be concluded that too brief memory 
span is probably playing a part in his difficulties. This could 
be checked up further by an analysis of his spellings, to see 
to what extent he spells short words correctly, but misspells 
longer words. Emphasis upon syllabication, prefixes, suffixes, 
and other short units should be helpful. The child might be 
able to remember three syllables of three letters each, but un- 
able to retain, with the same amount of practice, one word 
of nine letters. Psychologically, these two tasks are different. 
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Smedley suggested years ago that there might be a “ra- 
tional element” in spelling, whereby knowledge of the meaning 
of words would contribute to the correct spelling of them, in 
and of itself. Connections involving meaning are considered 
in our analysis under (1). Children produce an especially 
great proportion of error in spelling words which have no mean- 
ing for them. Hence it is of interest to test the child for 
knowledge of the meaning of words which he misspells. It 
is necessary to find out whether the words which confuse him 
are in his vocabulary. 

Motor awkwardness and incodrdination may contribute to 
poor spelling. Here are involved the connections discussed 
by us under (5) and (6). In written spelling (with which 
education is chiefly concerned), it is necessary not only to know 
what symbols are required, but to execute them successfully 
with arm, hand, and fingers. Here we must have recourse to 
motor tests, for steadiness, co6rdination, and speed of vol- 
untary movement. Occasionally one finds a child who does 
much better at oral spelling than he does at written spelling. 
In such cases, improvement in handwriting is what is needed, 
either in respect to rate or quality. A slow writer may mis- 
spell many words if he attempts to hurry. 

Many of the mistakes of poor spellers are merely lapses. 
These are errors committed by children who “‘know better,” 
who can correct the mistake spontaneously as soon as atten- 
tion is called to it. There are wide individual differences in 
the liability to lapse. It is difficult to see what remedial meas- 
ures may be taken to improve those whose disability is due 
largely to lapsing, since lapses are not only involuntary, but 
for the most part unconscious; there is no awareness of them 
until one perceives them anew. Examples of lapsing may be 
seen in “Complicated musich which he heard played,” and “It 
mak make an impression,” for ‘It may make an impression.” 
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One might suggest that children who show this tendency in 
marked degree should be trained to lay aside for a few minutes 
all written communications; then to take up their work and 
look anew at each word, in order to correct alllapses. It is not 
known experimentally how long an interval must elapse in order 
that writing may “get cold,” so that lapses may be detected by 
the author of them. A few minutes will probably suffice. 

Transfer of habits previously acquired is occasionally the 
cause of misspelling. Children who have learned to read and 
spell a phonetic language, like German, or a language that 
proceeds from right to left in spelling, are prone to difficulty 
with English spelling. The possible existence of such an in- 
fluence is to be determined by taking the school history. 

Sometimes it happens that the errors of the child are of one 
particular kind. Such idiosyncrasies may be exemplified by 
the case of a child who had a strong tendency to add final “e” 
to all words; and by the case of another, who was addicted 
to intrusive consonants, especially ‘““m” and “n.” These 
idiosyncrasies may doubtless be traced to their source in every 
case by a patient analysis of the child’s mental contents. The 
child who added final ‘‘e” may, for instance, have been told 
by a careless teacher ‘‘ Don’t leave off your ‘e’s’.””. The cause 
of error will be different in every case. It is impossible to 
generalize about idiosyncrasies. 

After all of the foregoing factors have been considered, 
there still remains the possibility that the failure to learn is 
due wholly or partially to temperamental traits — instability, 
indifference, lack of incentive, distaste for intellectual drudg- 
ery. English spelling calls largely for rote learning. It can 
be acquired only by the formation of thousands of specific 
bonds, arbitrarily prescribed. Its pursuit is almost inevitably 
tedious. Thus many children will be temperamentally ill 
adapted to become good spellers. 
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Failure in spelling, in an intelligent child, may thus result 
from various kinds of interference with prescribed habit forma- 
tion. It is apparent that the psychological examination of 
a poor speller is neither a brief nor a simple task. 

The direct examination of the individual should be supple- 
mented by a family history, a development history, and a 
school history. In some cases special deficiency in spelling 
seems to be hereditary. Earle has made a study of the inherit- 
ance of capacity for spelling, from which he concludes that 
there is distinct fraternal resemblance in spelling. Stephen- 
son has reported six cases of special inability to read and spell, 
which occurred in three generations of one family. 


IV. CAN SPECIAL DEFECT IN SPELLING BE OVERCOME? 


Spelling has received relatively little study as a process, 
in comparison with the attention which has been given to 
reading and arithmetic. We have no variety of experiments 
carried out to improve poor spellers, as we have in the case 
of poor readers. In 1918 the present writer reported, with 
Miss Winford, the results of studying and teaching a group 
of poor spellers, from the fifth grade. The experiment ex- 
tended over two periods of ten weeks each, but the time was 
largely devoted to observations of the errors made, measure- 
ments of intelligence, and inventions of incentives for arous- 
ing interest in spelling as a group project. No child was taken 
individually, and given intensive instruction, as with the boy, 
X, in reading, reported in Chapter IV. 

During the period of class teaching, all the poor spellers 
improved, as measured by the Ayres scale, but the three very 
poorest still remained at the bottom of the class. By inten- 
sive individual instruction any one of these three might have 
made much greater improvement. 
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We are, therefore, now in need of experiments carried out 
to improve poor spellers. Such experiments must include 
precise measurements of intelligence, ability to spell, ability 
to read, and amount of time expended. They must include 
a description of the sensory equipment of the spellers, and 
information on all points listed under the suggested outline 
for the examination of poor spellers. There must be an ade- 
quate account of method used, and objective measurements of 
improvement must be presented. 

From knowledge of spelling as a process of habit formation, 
it would be predicted that any child of average intelligence, 
and normal sensory capacity, can learn to spell, if sufficient 
drill be undergone. English spelling is, however, relatively 
resistant to learning, because of the specific character of the 
connections to be made. Very few generalizations are pos- 
sible, each word being to so great an extent a special matter. 
For this reason it is very important to teach first the words 
most commonly used. These have been ascertained by re- 
search in the Russell Sage Foundation. 


V. DOES READING TEACH SPELLING? 


In the Atlantic Monthly of October, 1921, an enemy of sim- 
plified spelling writes as follows: ‘Spelling is not a craft by 
itself: it is a part of writing and reading, training of eye and 
hand. When a boy writes ‘starboard martyr’ for ‘Stabat 
Mater,’ or ‘forehead’ for ‘forward,’ he writes what he 
hears; the fault is not with his ear but with his visual image 
of the words. It means that he is not a reader, and is not ac- 
customed to the appearance of the words. To try to teach 
him the distinctions by lists of letters alone would be about as 
useless as to try to teach him to distinguish people he never 
saw by means of verbal descriptions.”’ ! 


1 Quoted by permission of the Atlantic Monthly Press. 
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Fic. 10. — Composition written at school by X in December, 1920. X was then in 
grade 5 B. The facts are correctly understood, but the spelling does not show great 
profit from previous reading of the text in history. 


Have psychologists produced any evidence to show whether 
the view is correct, that reading will teach spelling? The 
positive correlation between ability to read and ability to 
spell does not, of course, give light on this question. Neither 
does correlation between amount of reading done and ability 
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Wa eee ao 


Cee: 
ree sneay: glad te hen fone 
Ly 


Fic. 11. — Letter written by X showing how he could spell by use of dictionary. 
to spell, for the positive correlation, which would undoubtedly 
appear, might mean only that general intelligence determines 
both the amount of reading and accuracy of spelling, to the 
extent of positive correlation found. 

The case of X, described in Chapter IV, is somewhat in- 


structive in this connection. The necessity to learn reading 
was so urgent that it was soon decided to give no time to 
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spelling as such. The special teaching did not, therefore, in- 
clude formal instruction in written spelling. The regular 
spelling lessons at school were, of course, taken by X, as well 
as might be. 

After X had learned the letters thoroughly, so that he never 
erred in writing one, he made great improvement in his grades 
on the regular spelling lessons given at school, in which as- 
signed words were learned by rote. 

Words not thus specifically learned were spelled ‘“‘by ear,” 
with the general result which is exemplified in Figure ro. 

X was taught the use of the dictionary, and by its aid he 
could spell as shown in Figure 11. 

In German or Italian, the mutual helpfulness of reading 
and spelling would probably be much greater, for words in 
these languages are not nearly so specific in character as 
English words are. 


VI. ILLUSTRATIVE CASES 


Two cases are herewith given, to illustrate the marked 
discrepancies which may rarely be found between general intel- 
ligence and ability to spell. The first is that of a schoolboy of 
average intelligence, whose spelling is illegible. The second 
is that of a feeble-minded schoolgirl, whose spelling is very 
much above what would be predicted from mental age and IQ. 

This boy was 14 years 2 months of age, and had been in 
school since the age of 6 years. His IQ was 93 (Stanford- 
Binet). He was referred for mental examination, because 
of failure to learn. to read and spell. Figure 12 shows his at- 
tempts to spell the following words: cannot, September, burned, 
houses, center, thousand, fifty, families, defends, bravely. 

The girl, who shows the opposite discrepancy, was in a 
schools‘for the feeble-minded, at the time of examination. 
Her age was 12 years 6 months, her mental age 7 years 4 
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months, with an IQ of 59 (Stanford-Binet). She had at- 

tended school for 6 years. Figure 13 shows her ability to 
spell the same words at- 

Can nal, tempted by the boy re- 
ferred to above. 


On Ayres’ scale, this 
feeble-minded girl scored 


at fifth grade ability, at 

least three years beyond 

expectation from general 

intelligence. The boy, of 

. average intelligence, 
LeEnfyev— scored on the Ayres scale 


below first grade ability 
—at least seven years 
below expectation from 
general intelligence. 

The girl could not learn 
subject matter, or manage 
her affairs any better than 
a 7-year-old child. The 
boy could work for 
money, was reliable and 
efficient in ordinary affairs, 
could master subject mat- 
ter read to him, was expert 

Fic. 12. — Showing efforts to spell, of a r4-year- jn bird lore. and showed the 

old schoolboy, of IQ 93, after eight years of school : 
instruction. Illustrating extreme dissociation of general competence of a 
eg from general intelligence. Compare typical 14-year-old, except 
in reading and spelling. 
One judging these individuals for practical purposes, 
on the basis of a test in spelling, would be profoundly 
deceived. 
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Figure 14 also exemplifies 
the spelling of a child whose 
general intelligence cannot 
be correctly inferred from 
performance in spelling. 
This child was 9 years 10 
months old at the time this 
letter was written, her mental 
age being 14 years 1 month. 
The child had been three 
years in school. She learned 
reading very easily, reading 
at this time with fluency and 
grace of inflection. Her case, 
therefore, illustrates discrep- 
ancy between reading and 
spelling, as well as between 
spelling and general intelli- 
gence. 

The inadequacies noted 
here were probably due to 
distaste for the drill which is 
required for mastery of spell- 
ing and punctuation. For 
bright children, reading is 
motivated by the fact that 
from it they gain ideas. 
In presenting ideas, it is 
not necessary to spell ex- 
actly, but only approxi- 
mately. Hence very young, 
bright children may read 
accurately, but spell poorly. 


Conner 


Lute: 
Sneuded 


eomfal 


Fic. 13. — Showing spelling of a 12-year- 
old girl, of IQ 50, after six years of instruc- 
tion. Illustrating extreme dissociation of 
spelling ability from general intelligence. 
Compare with Fig. 12. 
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Fic. 14. — Showing spelling of a child 9 years to months old, with IQ 143, after 
three years of instruction. Illustrating dissociation of spelling ability from general 
intelligence. 
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CHAPTER VI 


ARITHMETIC 


I. RELATION BETWEEN IQ AND CAPACITY FOR ARITHMETIC 


ARITHMETIC as a psychological process has been studied 
analytically by psychologists more assiduously than any other 
of the school subjects, except reading. The psychology of 
arithmetic began to be investigated more than thirty years 
ago by laboratory workers, but so complex are the functions 
involved that there still remains much to be known. 

Correlations show that capacity for arithmetic is closely 
connected with general intelligence. Most of the children 
who fail in the subject do so as a symptom of a general 
lack of competence in thinking. The great majority of those 
who are notably excellent arithmeticians are also superior in 
other performances. 

The four children of more than 180 IQ, mentioned in Chap- 
ter IV as having learned to read before or during the third 
year of life, are also fine mathematicians, excelling at light- 
ning calculation and at thinking in terms of numerical rela- 
tions. Here, again, their marvelous skill at numbers is but 
symptomatic of their rare general superiority. Although the 
correlation between general competence and capacity for 
arithmetic is high and positive, it is reduced from perfection 
by the occurrence of discrepancies. Occasionally a very in- 
telligent child is found, who does not readily learn arithmetic, 
and on the other hand there exist children whose ability at 
calculation far exceeds expectation from other performances. 
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II. DISTINCTION BETWEEN ARITHMETIC AND MATHEMATICS 


Psychologically as well as logically, there is a distinction 
between arithmetic and mathematics. In both respects the 
former is but one phase or branch of the latter. By arith- 
metic is meant those functions of mathematicians which 
involve numerical calculation. This includes the four funda- 
mental processes, with whole numbers and fractions, enumer- 
ation, and the solution of problems requiring choice of process 
to be employed. 

Mathematics includes arithmetic, and also the relationships 
of space, time, proportion, and probability, as subsumed in 
algebra, geometry, trigonometry, and calculus. Psychologists 
find a positive intercorrelation among abilities in these va- 
rious branches of mathematics, which is, however, not 
sufficiently close to unity so that the possibility of marked 
specialization in some cases is excluded. Judd has con- 
cluded that the abilities demanded by algebra, geometry, and 
arithmetic represent, respectively, elements not included in 
the others. Lightning calculators have been recorded, who 
could accomplish nothing, apparently, in the derivation of 
formule, or abstraction of principles. 

Rogers decided as a result of experimental tests of mathe- 
matical ability, that ‘‘a marked degree of the power to ana- 
lyze a complex and abstract situation, and to seize upon its 
implications, is the most indispensable element in mathe- 
matical proficiency.” This is the power that makes for pro- 
ficiency in all life’s difficulties, and he who has it has unusual 
general intelligence —not mathematical proficiency only. 
There is certainly slight possibility that a generally stupid 
individual can ever deal with “higher mathematics.” 

Since the processes other than the arithmetical have been 
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very little studied, the discussion of special aptitude in math- 
ematics will here be restricted largely to aptitude for arith- 
metic. 


III. MENTAL FUNCTIONS IN ARITHMETICAL CALCULATION 


In his recent presentation of the psychology of arithmetic, 
Thorndike writes as follows : 

“ Achievement in arithmetic depends upon a number of 
different abilities. For example, accuracy in copying num- 
bers depends upon eyesight, ability to perceive visual details, 
and short-term memory for these. Long column addition 
depends chiefly upon great strength of the addition combina- 
tions, especially in higher decades, ‘carrying,’ and keeping 
one’s place in the column. The solution of problems framed 
in words requires understanding of language, the analysis of 
the situation described into its elements, the selection of the 
right elements for use at each step, and their use in the right 
relations.” 

A great number of habits, more or less specific, must be 
automatized. There are all the combinations used in addition 
and subtraction, the multiplication tables, the reading of large 
numbers, the manipulation of fractions, the placing of the 
decimal point, and many others. These habits are of very 
unequal difficulty. Ranschburg has shown, for instance, that 
5 + 2is amuch easier operation than is 2+ 5, and that 5+ sis 
easier than either. The difficulty of a combination is aug- 
mented by increase in the second member. The difficulty 
increases, also, as either or both of the members increase in 
value. The addition of two identical numbers, of whatever 
value, seems always to follow a different course from that of 


two unlike numbers, resembling multiplication in the time 
taken. 
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These are a few illustrations of the subtleties of habit for- 
mation in arithmetic, which are revealed only by laboratory 
methods. They suggest, also, the complexity and multiplic- 
ity of connections, which enter into ordinary achievement in 
arithmetic. Since the functions are thus highly complex and 
specialized, what are their interrelations? How are they or- 
ganized, as regards the amounts of each found in given 
individuals ? 


Iv. THE ORGANIZATION OF ARITHMETICAL ABILITIES 


Thorndike and his students have shown that in general the 
correlation between ability in any one important feature of 
computation and ability in any other important feature of 
computation is positive and high. Thorndike holds that if 
enough tests were made to measure each individual fully in 
subtraction, multiplication with integers and decimals, di- 
vision with integers and decimals, multiplication and division 
with common fractions, and computing with per cents, there 
would probably appear intercorrelations for a thousand 14- 
year-olds of near .go. Correlation between problem-solving 
and computation would doubtless be much less, probably not 
over .60. 

Thorndike expresses the following inferences, based on 
interpretation of existing data. 

“Tt should be noted that even when the correlation is as 
high as .go, there will be some individuals very high in one 
ability and very low in the other. Such disparities are to some 
extent, as Courtis and Cobb have argued, due to inborn char- 
acteristics of the individual in question, which predispose 
him to very special sorts of strength and weakness. They 
are often due, however, to defects in his learning, whereby he 
has acquired more ability than he needs in one line of work, or 
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has failed to acquire some needed ability, which was well 
within his capacity. 

“In general, all correlations between an individual’s di- 
vergence from the common type or average of his age for one 
arithmetical function, and his divergence from the average 
for any other arithmetical function, are positive. The corre- 
lation due to original capacity more than counterbalances the 
effects that robbing Peter to pay Paul may have.” 

In rg10, Brown undertook to determine whether there is a 
special capacity for mathematics, and concluded from his cor- 
relations that there is an especially close relationship among 
tests involving mathematical performance. Ten years later, 
Collar made an effort to secure further data as to whether 
arithmetical ability, as a unitary combination of capacities, 
exists. Two hundred schoolboys were tested in the investi- 
gation. Results led to-.the conclusion that arithmetical 
ability tends to be represented in two main divisions: (1) the 
power to compute with ease and readiness, and (2) the 
power to solve problems by arithmetic, which involves the 
application of a higher degree of ability than is required in 
computation. 

Arithmetical tests of various kinds correlate more closely 
than do arithmetical tests with non-arithmetical tests. ‘‘ Hence 
we are compelled to interpret this relationship as evidence 
distinctly in favor of Burt’s suggestion, that there is an es- 
sential unity in arithmetical ability.” 

All investigators have agreed in finding the correspondence 
between computation and problem-solving much less than 
that found among the various processes of computation alone. 
The facts are here analogous to certain facts noted in the study 
of reading, in Chapter IV. There it was seen that between 
proficiency in the mechanics of reading and comprehension 
in reading there may occur marked disparity; and that it is 
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in mechanics that special discrepancies may be found between 
reading ability and general intelligence. 

In arithmetic the same observation may be made. Marked 
special defects and talents are found in the mechanics of 
arithmetic, that is, in computation. But problem-solving in 
arithmetic is closely correlated with general intelligence, for 
it involves the capacities required for problem-solving any- 
where, — response to many subtle elements, the weighing of 
these one against another, and choice of the procedure that 
will yield solution. These are the same capacities that under- 
lie comprehension in reading, or grasp of any other situation 
offered by life. They are all functions measured in tests of 
general intelligence. 

In school, arithmetical problems are usually presented as 
reading matter, so that reading for the comprehension of sen- 
tences is in itself of first rate importance for achievement in 
problem-solving. 


V. PSYCHOLOGICAL STUDIES OF SPECIAL DEFICIENCY IN 
ARITHMETIC 


Studies of children especially backward in arithmetic, with 
the accounts of the results of experimental teaching, have been 
contributed by Uhl, Smith, Schmitt, and others. Bronner has 
also contributed accounts of the psychological examination of 
such children. 

Schmitt studied thirty-four pupils in the schools of Chicago, 
who were not feeble-minded, but were extremely retarded 
in arithmetic. The investigator states that tests of general 
intelligence were given, but does not share with the reader 
the exact results of such tests, saying only that the children 
“were not mentally defective.” The result of tabulation of 
circumstances involved showed that ill-health and absence 
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were closely related to special disability in arithmetic. The 
inference is drawn that achievement in arithmetic calls for a 
hierarchy of habits, which depend on each other in a sequence. 
If a hiatus occurs at any essential point, as through absence, 
inattention, or inadequate teaching, confusion follows. (This 
inference seems very well justified, also, from the psycholog- 
ical analysis of the mental functions involved in arithmetic.) 
The problem of individual examination is to find out what 
habits have not been formed. The problem of pedagogy is 
to teach those habits, and to motivate the child. 

Bronner’s conclusion that some children of good intelli- 
gence lack the power to form number concepts is criticized 
by Schmitt. When the gaps in habit formation have been 
located, and the child has been motivated to form the missing 
habits, special deficiency in arithmetic disappears. 

This is, on the whole, the conclusion to be drawn from the 
few studies which have included experimental teaching. Uhl 
studied a boy who could not subtract, according to standard 
tests. Analysis showed that he could subtract only by mul- 
tiplying. For example, to subtract 9 from 46, he first set 
aside 1, to get a multiple of 9. Then he disintegrated 
45 into 9’s and dropped one of them. After disposing 
of the 9 in this devious fashion, he picked up his 1 again, and 
finally arrived at a correct result. It was thus found why he 
was so slow, and where instruction must be applied, in order 
to remedy the special deficiency which he showed in arith- 
metical calculation. 

In difficult combinations, pupils invent interesting evasions. 
“Breaking up” larger numbers is common, so that 9+7+5 
becomes 9+2+2+2+1+2+2-+1, for instance. 

Failure to form correct habits of interpreting symbols, 
or relations between symbols, often explains deficiency. This 
may be illustrated by the case of a girl who always read 
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40)1728 as “‘4o divided by 1728.” Her results were thus 
fantastic. This error is analogous to that of writing “three 
dollars” as 3$. 

The remedy for these conditions is to show the child what 
he is doing, and to give drill until the correct and rapid method 
is thoroughly mastered. Special deficiency in the mechanics of 
arithmetic is to be improved by drill, after it has been found 
out where the drill is needed. 


VI. METHODS OF DETECTING WRONG OR INCOMPLETE HABITS 


Without systematic methods of testing, it would be a very 
dificult task to discover just what connections might be 
wrongly or inadequately formed, in the case of a given child. 
The standardized measuring scales and practice exercises, de- 
vised during the past fifteen years, furnish a systematic means 
of exploration. These are constantly being extended and im- 
proved, to cover each and every kind of habit that a child must 
acquire, for achievement in arithmetic. 

The principle of these scales and tests is to establish by ex- 
periment the speed and accuracy of typical school children, 
grade after grade, in the performance of the various functions 
separately. It thus becomes possible to discover in the case 
of a deficient pupil whether he needs correction and drill in 
every function, or in only one function. By means of the 
Courtis tests, for example, it may be discovered whether a 
child’s difficulty is in addition, multiplication, division, in 
speed or accuracy, or both speed and accuracy, and so forth. 

The use of existing scales and tests for diagnostic purposes 
has been described by Courtis, Uhl, Anderson, and others. 
We may expect great improvement in these methods in the 
future. At present the standardizations are in terms of 
school grade norms. A better plan for diagnostic purposes 


122 SPECIAL TALENTS AND DEFECTS 


would be to standardize in age norms, giving a percentile dis- 
tribution for each twelve-month interval of the period of 
immaturity. 


VII. NERVOUS INSTABILITY AND SPECIAL DEFICIENCY IN 
ARITHMETIC 


Nervously unstable children are, as Burt has pointed out, 
often deficient in arithmetic, even when in general intelligence 
they are not deficient. This follows from the same causes of 
failure as were set forth under discussion of nervous instabil- 
ity and special difficulty in reading. To build up little by 
little the intricate hierarchy of arithmetical habits, each habit 
in its essential sequence, is a task uncongenial to the flighty, 
uncontrolled, or negativistic neurotic. 

Individual instruction is here, again, the solution of the 
problem. The neurotic can learn arithmetic within the 
limits of his intelligence, by means of patient individual in- 
struction, given preferably at rather brief sittings. 


VIII. ARITHMETICAL PRODIGIES 


Extremely great ability to perform feats of mental arith- 
metic excites popular wonder and admiration to a degree far 
beyond that excited by most other manifestations of mental 
gifts. This may be due to the fact that in calculation each 
individual has a rather definite standard of performance, 
namely his own ability to calculate. When another goes far 
beyond him and his friends, in so definite a performance, he 
can see for himself that the typical has been phenomenally 
exceeded. The gifted person who exceeds the typical to an 
equal extent in perception of the fine shades of meaning in 
words, or in the detection of absurdities and contradictions in 
demagogy, creates no sensation among his fellow townsmen ; for 
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there is no way whereby the average man can “check up” in 
the performances, to show himself how phenomenally he has 
been exceeded in capacity for them. 

Bidder, the famous English calculator, is recorded in history 
because he could perform mental arithmetic perhaps fifty times 
as well as typical persons. The facts that he also became one of 
the most successful civil engineers of his time, and made a large 
fortune, are noted as of merely incidental interest, and would 
not have given him a place in the history of unusual persons. 
A man may make fifty times as much money as the average 
man does, by meeting with fifty times as much acumen and 
energy the intricate, subtle, and difficult situations offered by 
modern economic life. Yet he is not so very likely to be re- 
garded as prodigiously gifted. His fellowmen can and will 
explain the difference between him and themselves as due to 
luck or circumstance. But a gift for “lightning calculation” 
is obviously peculiar to the person, and makes of him an object 
of wonder. 

The same general considerations hold in the case of chil- 
dren. Many children of extraordinary intelligence are found, 
because they have attracted attention to themselves by ex- 
cellence in arithmetic; and upon examination show them- 
selves to be equally excellent at those tests which measure IQ, 
excellence in which is not necessarily conspicuous except to 
the trained psychologist. 

Accounts of prodigious calculators go back to ancient Greece, 
in Lucian’s reference to Nikomachos of Gerase. The word 
“calculation”? means literally ‘‘pebbling,”’ coming from the 
Latin calculi, pebbles. Records of lightning calculators have 
been collected by Scripture and by Mitchell. 

Jedediah Buxton (b. 1702) appears to be the first calculator 
on record in modern accounts. He lived at Elmton, England. 
“He labored hard with a spade to support a family, but seems 
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not to have shown even usual intelligence in regard to ordi- 
nary matters of life... . In regard to matters outside of 
arithmetic he appeared stupid.” In 1754, when he was taken 
to London to be tested by the Royal Society, he went to see 
King Richard III performed. ‘During the dance he fixed 
his attention upon the number of steps; he attended to Mr. 
Garrick only to count the words he uttered. At the conclu- 


sion of the play, they asked him howhe likedit.. . . He replied 
that such and such an actor went in and out so many times, 
and spoke so many words; another so many. . . . He re- 


turned to his village, and died poor and ignored.” It is said 
that he could give an itemized account of all the free beer he 
had had from the age of 12 years. 

Tom Fuller, ‘‘The Virginia Calculator” (b. 1710), seems to 
be another case of highly specialized ability. He came from 
Africa as a slave when about 14 years old. He is first heard 
of as a calculator at the age of 70 years, when it is stated that 
he reduced a year and a half to seconds in about two minutes, 
and 70 years, 17 days, 12 hours to seconds in about a minute 
and a half, correcting the result of his examiner, who had not 
taken leap years into the reckoning.. He also calculated men- 
tally the sum of a simple geometric progression, and multi- 
plied mentally two numbers of nine figures each. He was 
totally illiterate. 

Other prodigious calculators, who are not known to have 
had superior general ability, are Zerah Colburn (b. 1804), 
Henri Mondeux (b. 1826), Jacques Inaudi (b. 1867), and Ugo 
Zaneboni (b. 1867). None of these individuals achieved emi- 
nence in any other respect, but this does not necessarily prove 
that they were not of superior intelligence. It would have 
been impossible, for instance, for the slave, Tom Fuller, to 
achieve intellectual eminence in a profession. 

None of them was studied psychologically except Inaudi, 
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who was examined by Binet. JInaudi was an Italian by birth. 
In childhood he tended sheep, as did Mondeux. His passion 
for numbers began at the age of about 6 years. At 7 years 
of age he could multiply five-place numbers by five-place 
numbers, “in his head.” His memory-span for digits given 
orally was 42. He must hear them, the span being consider- 
ably reduced if he only saw them. He had little education, 
and did not learn to read and write until he was 20 years old. 
He lived by public exhibitions of his power to calculate. 
Binet concluded that he had no particular ability except the 
gift for calculation, and was not generally superior. 

None of these calculators showed any gift for mathematics 
beyond arithmetic. Many others are on record who are 
known to have had great all-round superiority, and mathe- 
matical genius of the highest order, as is proven by their 
achievements. Bidder (b. 1806), Bidder, Jr. (b. 1837), Safford 
(b. 1836), Gauss (b. 1777), Ampére (b. 1775), Hamilton 
(b. 1788), and Whatley (b. 1787), all were lightning calculators. 

George Parker Bidder was the son of a stonemason, of Devon- 
shire. His family history is on record, and is quite interesting 
in connection with his gifts. His eldest brother, a Unitarian 
minister, had an extraordinary memory for Bible texts, but 
took no special interest in arithmetic. Another brother was 
an excellent mathematician and insurance actuary. Still 
other members of the family were distinguished in non-math- 
ematical pursuits. Bidder’s ability was first noticed when 
he was 6 years old. In 1822, at the age of 16 years, he took 
a prize in mathematics at the University of Edinburgh. He 
became a distinguished engineer, and accumulated wealth, as 
before stated. His son, the younger Bidder, was wrangler 
at Cambridge, and became barrister and Queen’s counsel. 
He could multiply fifteen-place numbers by fifteen-place 
numbers, and could play two games of chess simultaneously, 


126 SPECIAL TALENTS AND DEFECTS 


blindfolded. Two of his daughters “showed more than 
average ability in mental arithmetic.” 

Truman Henry Safford was the son of a Vermont farmer, © 
both parents having been school teachers. His power in cal- 
culation was noticed when he was 3 years old. At about 7 
years of age, he began to study algebra and geometry, and 
soon thereafter, astronomy. In his tenth year he published 
an almanac, computed entirely by himself. His interests in- 
cluded chemistry, botany, philosophy, geography, and _his- 
tory in addition to astronomy and mathematics. He took 
his degree at Harvard in 1854, at the age of 18 years, and 
became an astronomer. He was professor of astronomy in 
Williams College for many years, until his death, and made 
many important astronomical calculations and discoveries. 

Carl Frederick Gauss, the great mathematician, was a light- 
ning calculator, the marvels of his performance exceeding 
those of nearly all others. Gauss entered the gymnasium 
when he was 11 years old, and in mathematics soon surpassed 
his teachers. He began the study of higher analysis at ro, 
and at 14 could read Newton with understanding. At 24 he 
published Disquisitiones Arithmetice, which is a fundamental 
contribution to mathematics. He himself has related that 
he remembers having followed by mental arithmetic a calcu- 
lation concerning the wages of his father’s workmen, and of 
having thus detected an error in the reckoning, at the age of 
3 years. He could use from memory the first decimals of 
logarithms, and was especially ingenious at discovering new 
methods. Gauss was unquestionably a person of very ex- 
traordinary general intelligence. As a child he mastered not 
only mathematics, but also the classical languages with won- 
derful ease. It is quite possible, however, that his gift for 
mathematics exceeded his general capacity in other respects. 

The renown of André Ampére’s achievements in science is 
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commemorated in the ampére. As a child, he showed all- 
round ability, and encyclopedic interests. He learned count- 
ing at 3 or 4 years of age, by means of pebbles, “and was so 
fond of this diversion that he used for purposes of calculation 
pieces of a biscuit, given him after three days’ strict diet.” 
There is no question that Ampére was a child of extremely 
high IQ, the ability at calculation being but one manifesta- 
tion of his great genius. He was a chemist, a metaphysician, 
and a mathematician. He became professor of mathematics, 
and wrote on probabilities, the unity of structure in organisms, 
and electrodynamics. In this last field he discovered fun- 
damental truths, and immortalized his name. He was elected 
to the Academy of Sciences in Paris, and is recognized as one 
of the world’s great thinkers, not as a calculator merely. 

Richard Whatley, Archbishop of Dublin, was a prodigious 
calculator as a child. From 5 to 9 years of age he astonished 
onlookers by his feats. He afterwards ceased to interest him- 
self in calculation, but used his intellectual capacity for 
achievement in other fields. 

The greatest calculator on record, according to the re- 
searches of Scripture, is Johann Dase, born in Hamburg, in 
1824. Hecould count objects with extreme rapidity. “With 
a single glance he could give the number, up to 30 and there- 
abouts, of peas in a handful, scattered on the table”; could 
give the number of sheep in a herd, or books in a case so quickly 
that his record remains unequaled. He could carry on enor- 
mous and protracted calculations, without recording figures, 
but seemed not to comprehend mathematical principles. He 
attended school when 2 to 3 years old, and began public ex- 
hibitions at 15 years of age. From the records it is not pos- 
sible to prove or disprove superior general intelligence. 

There are on record but three calculators, who were per- 
sonally examined by psychologists, so far as the present writer 
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can learn. Inaudi, already mentioned, and Pericles Dia- 
mandi, a Greek grain merchant, born in 1868, were examined 
by Binet. Arthur Griffith, son of a stonemason, born in 
1880, was examined by Lindley and Bryan, in the laboratory 
at the University of Indiana, in 1899. 

Binet concluded that Inaudi had no unusual ability except 
for mental calculation, and that his auditory memory for digits 
was a special gift. Diamandi, on the other hand, in addition 
to his ability in calculation, knew five languages, was an in- 
cessant reader, and wrote both novels and poetry. He entered 
school at 7, and remained until he was 16, always heading his 
class in mathematics. His methods in calculation were visual. 
“He has a number-form of a common variety, running zig- 
zag from left to right, and giving most space to the smaller 
numbers. This number-form he sees as localized within a 
peculiar grayish figure, which also serves as a framework for 
any particular number or other object, which he visualizes.” 

Griffith had, from the age of 3, a passion for counting and 
made fair records in all studies. He entered school at 10, 
and attended school seven years. In scope and tenacity of 
memory, and in rapidity at calculation, he ranked with the 
best recorded cases, according to the investigators who ex- 
amined him. Memory was described as very systematic ; 
and rapidity was seen to depend on the great number of nu- 
merical relations committed to memory, and upon reduction 
in number of operations through short-cut methods. 

These three examinations were all conducted more than 
twenty years ago, before standardized methods of measure- 
ment had been developed. It is difficult to glean from them, 
and from the biographical material compiled by Scripture 
and by Mitchell, what the truth is, as regards the extent to 
which this gift for calculation was special in these persons. 
Many of them, as we have seen, were certainly men of genius, 
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with general capacity for selective thinking. Several others 
probably were not of superior general intelligence, but in no 
case can we be certain, on the basis of anecdotal evidence alone. 
Some of them were peasants or slaves, born to manual toil, 
in the absence of free schools, and in the presence of rigid 
class distinctions. It is not inconceivable that a child of IQ 
over 170, condemned by unavoidable environment to herd 
sheep or pick cotton through his youth, might find relief from 
the monotony of his work by calculating. As Mitchell, him- 
self a lightning calculator, says, “‘Given a knowledge of how 
to count, and later a few definitions, and any child of average 
ability can go on, once his interest is accidentally aroused, 
and construct, unaided, practically the whole science of arith- 
metic, no matter how much or how little he knows of other 
things.” This statement is probably true, if we change one 
word, and substitute for ‘“‘child of average ability,” “child of 
great ability.” 

All who have examined lightning calculators, or searched 
their biographical records, are agreed that the secret of their 
power lies in highly developed mechanics. Special habits of 
combining and recognizing numbers are formed, which differ 
from ordinary calculation comparatively in somewhat the same 
way as the method of the child who added 7+5 by adding 
7+2+2+1, the latter being analogous to the usual method. 

The lightning calculator memorizes combinations far be- 
yond those ordinarily memorized, so that he is, for instance, 
able to add 2581+1763 as quickly as an ordinary person can 
add 15+8. He learns multiplication tables up to 100X100, 
whereas we learn only through 12X12. He devises and uses 
many ‘short cuts,” e.g. multiplying by two easy numbers and 
taking the difference, instead of multiplying by an awkward 
number. Multiplication is probably used as the fundamental 
operation. 
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This specialization in and perfection of arithmetical con- 
nections, by a person of original aptitude for and interest in 
numbers, results in the prodigious calculator. As Scrip- 
ture concludes, ‘‘ These persons had enormous ability to learn 
calculation, not to calculate without learning.” The réle 
played by practice is seen in the fact that if interest in count- 
ing wanes, and practice at calculation ceases, the skill ac- 
quired deteriorates through disuse. Whatley, and others, 
who became distracted from calculation by other interests as 
they grew up, lost the power they had possessed. However, 
by resuming practice, the skill can be regained by those who 
have acquired it, as is the case with skills in general. 

Satisfaction in mental activity for its own sake is expressed 
by those calculators who have given introspections. After 
Safford had lost the power of lightning calculation through 
disuse, he continued to take pleasure in factoring large num- 
bers, or in satisfying himself that they were prime. The 
younger Bidder said, ‘‘With my father, as with myself, the 
handling of numbers or playing with figures afforded a posi- 
tive pleasure, and constant occupation of leisure moments. 
Even up to the last year of his life, my father took delight in 
working out long and difficult arithmetical and geometrical 
problems.” 

All who have studied material relating to prodigious cal- 
culators have especially stressed the very early age at which 
the gift has shown itself. This is especially true of those 
who achieved greatness in science, as adults. Gauss, Whatley, 
and Ampére were all first noted at the age of 3 years, and 
Safford and Bidder at the age of 6 years. It appears to the 
present writer to be probable that any child of IQ over 180 
could be taught to be a lightning calculator. This inference 
comes from observing such children, as they master numbers. 


1 Bidder died at 72. 
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IX. ARITHMETICAL ABILITY OF TWO CHILDREN OF IQ 184 
AND IQ 187 (STANFORD-BINET) 


To illustrate mathematical aptitude in children of high IQ, 
a brief account is herewith given of two boys, both known 
professionally to the present writer since early childhood. 
These children are both of a degree of general intelligence so 
rare as to be scarcely ever found, and both are especially 
interested in mathematics. 

The boy D, of IQ 184, was described first by Terman, in 
The Intelligence of School Children. His achievements are 
most remarkable in every kind of intellectual activity, in- 
cluding music and drawing. Among his favorite pastimes 
since infancy has been the manipulation of numbers. His 
calculations, dating from the time his hand could wield a 
pencil, have covered hundreds of pages. As a child of 7, 8, 
and g years, D found the keenest satisfaction in deriving for- 
mule to render himself unbeatable at family games based on 
number. At the age of 12 years he has completed the mathe- 
matical curriculum of the elementary and secondary schools, 
through arithmetic, algebra, geometry, and trigonometry. 
(It should be added that he has also completed the curricu- 
lum of the elementary and secondary schools in all other re- 
spects, and is ready at 12 years to enter college.) 

Figure 15 shows D’s calculations on Test 2, of Army Alpha, 
Form 5, five minutes being allowed for the performance. 
Figure 16 shows his calculations on Test 6, of the same form 
of Alpha, three minutes being allowed. D was to years 11 
months old on the date of these calculations. He had never 
previously seen either of these tests. 

The second child to whom we wish to refer briefly is R, of 
IQ 18y. He, too, has delighted in number from about the 
third year of life. When first seen by the present writer, at 
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TEST 2 


Get the answers to these examples as quickly 4s you can. 
Use the side of this page to figure on if you need to. 


1 How many are 5 men and 10 men?.......... Answer ( 15 ) 


SAMPLES | 2 If you walk 4 miles an hour for 3 hours, how far 


1 
2 
3 
4 
5 


o>) 


20 


dowyounwalkiin jeans. manselerscteeieee goecoRne Answer( 12 ) 


How many are 30 men and 7 men?....-........2-..00 Answer ( SHE View 
If you save $7 a month for 4 months, how much will you save? i 


Answer ( ZS“)? 


If 24 men are divided into squads of 8, how many squads will 


there beara !..cstctern sce cca Ang ws ae math Minas nee ee Answer( @ ) 
Mike had 12 cigars. He bought 3 more, and then smoked 6. i 

How many cigars did he have left?.................... Answer ( g ) 
A company advanced 5 miles-and retreated 3 miles. How far 

was it then from its first position?..................04. Answer (4 #) 
How many hours will it take a truck to go 66 miles at the 

rate oliGumiles‘am Hour? earners eae taee omen eae. Answer ( {ff ) 
How many cigars can you buy for 50 cents at the rate of 2 for 

Bi cents tis ctr var in anc ene rae tics Marine Answer ( 20) 


A regiment marched 40 miles in five days. The first day they 
marched 9 miles, the second day 6 miles, the third 10 miles, 
the fourth 8 miles. How many miles did they march the last 
AY Mesias patho a aioheioeier ane we eee, om Ce eae Mone a eI Answer ( Gif ) 
If you buy two packages of tobacco at 7 cents each and a pipe 
for 65 cents, how much change should you get from a two- 


Glas bill Peeks Neh eden. 2. ek ite, © gk See Sa ae Answer ($1.2!) 
If it takes 6 men 3 days to dig a 180-foot drain, how many men 
are needed to dig it in half a day?..................-- Answer ( 3 6) 


A dealer bought some mules for $800. He sold them for $1,000, 
making $40 on each mule. How many mules were there?. . Answer ( 5S ) 
A rectangular bin holds 400 cubic feet of lime. If the bin is 
10 feet long and 5 feet wide, how deep is it?............ Answer ( $7 ) 
A recruit spent one-eighth of his spare change for post cards 
and four times as much for a box of letter paper, and then had 


90 cents left. How much money did he have at first?. .. . Answer ( ) 
If 3% tons of coal cost $21, what will 514 tons cost?..... Answer ( 3 2p) 
A ship has provisions to last her crew of 500 men 6 months. 
How long would it last 1,200 men...............c000e- Answer (Fe ) 
If a man runs a hundred yards in 10 seconds, how many feet 
does he run in a fifth of a second?..............--.0+: Answer( © ) 


A U-boat makes 8 miles an hour under water and 15 miles on 
the surface. How long will it take to cross a 100-mile channel, 


if it has to go two-fifths of the way under water?...... Answer C2 fo 
If 241 squads of men are to dig 4,097 yards of trench, how 
many yards must be dug by each squad?.............. Answer (4 ip 


A certain division contains 3,000 artillery, 15,000 infantry and 
1,000 cavalry. If each branch is expanded proportionately 
until there are in all 20,900 men, how many will be added to 
theiartillery Pi cuaac .snin ene mates pepe te eee area Answer ( ) 
A commission house which had already supplied 1,897 barrels 
of apples to a cantonment delivered the remainder of its stock 
to 29 mess halls. Of this remainder each mess hall received 54 
barrels. What was the total number of barrels supplied?. . Answer ( ) 


Fic. 15. — Showing D’s calculations on Test 2, Army Alpha, Form 5, at the age of 
Io years 11 months, five minutes being allowed for the performance. 
ing done on paper appears in the margin. 


The only figur- 
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TEST 6 
2 4 6 8 10 12 14 16 
9 8 7 6 5 
SAMPLES — =! 
2 Z x4 3 4 4 Si 5 
hee uae bees a es 7 


Look at each row of numbers below, and on the two dotted lines 
write the two numbers that should come next. 


3 4 5 6 7 he eee oa GA 
10 15 2 2 30 3 40. 4 


5 
Sul Pe Gracie ea elt) oc ee ade, 
bya a7 93. 9s) as 9! (BIS, 
tee “4 “ste — 32 OF. (4S 
BG 45.03 16 117 AO: itl, 
| a Re Pome ilar alee, 
Cet et eh a eet a ae oe 2... 
Rs TES ae t eeh G mmer 42) SO, 
{iy Se) oF bday Fig) 15) ale 16 
29 #28 +22 23 «19°~«14 x [ 
io a se toe ACL 
Sie, A 
ie 9 je te Spgs em? ARM oe 
ihe ewig (18a t4 9 19> 102 SA? 
fg 16a 25)) 336) 4, 8 A 
3 6 8 16 18 Bie a coe é 


* Fic. 16. — Showing D’s calculations on Test 6, Army Alpha, Form s, 
at the age of 10 years 11 months, three minutes being allowed for the 


performance. 
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the age of 6 years 6 months, R’s memory span for digits was 
at least eight (beyond this he was not tested), and he could 
easily reverse seven digits at least (beyond this the test did not 
go). He has been taught short cuts and other mechanics of 
lightning calculation till now, at the age of 8, he can with great 
speed calculate the answer to such a series as “2 X 2 X 2 X 2 


multiplied by twice the square of 2; square it,” or 
29) 


“$9255°— 2245’. 
In Figure 17 is shown R’s calculation on Test 2, Army 
Alpha, Form 5, and in Figure 18, his performance in Test 6, 
the time limits being the same as indicated for D. R was 
7 years 6 months old on the date of these performances. 
The ordinary child of that age can, of course, make no score 
whatever. R had never previously seen either of the tests. 
R’s teacher! writes of him, ‘‘ His ability in academic work 
seems well distributed, though strongest in mathematics. For 
this grade he is remarkably low in art and industrial work, 
but he would be average in the second grade, where his age 
would usually place him. His artistic feeling is all for music 
and literature... . I think he is rather clumsy with his hands 
even for his age, though not much below the average child. 
With his mental ability he can learn to do anything in which 
his interest is aroused... . As he goes on, I hope that we can 
arrange for him to work with more advanced groups in math- 
ematics and science, though remaining in the present group 
for most of the day... . In mathematics it is noticeable that 
although he can use short cuts which are Greek to the class, 
he is quite as apt to make an error in concrete problems as 
the other bright children. This is not lack of attention or 
interest, for he is always keenly alive in any lesson in math- 
ematics. For example, in shop where he was making a table 


1 The writer is indebted to Miss Mabel R. Goodlander, R’s teacher in the fourth grade, for 
this report. 
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TEST 2 


Get the answers to these examples as quickly as you can. 
Use the side of this page to figure on if you need to. 


1 How many are 5 men and 10 men?.......... Answer( 15 ) 
SAMPLES, 2 If you walk 4 miles an hour for 3 hours, how far 
dosyout walle ios eae ae Pe acer cern ae Answer (12 ) 

1 How many are'30 men and!7 men? sooo. cece ca ween Answer (37 ) 

2 If you save $7 a month for 4 months, how much will you save? ; 

, : Answer B25 ) 

3 If 24 men are divided into squads of 8, how many squads will 
there be...... hat SF RAG Sark eRe CCIE eG EAE eer OTIS Answer (3 ) 

4 Mike had 12 cigars. He bought 3 more, and then smoked 6. 

How many cigars did he have left?.................... Answer ( g ) 

5 A company advanced 5 miles and retreated 3 miles. How far 
wast then fromivits first. position?.c2 .0.e06< 1.4 ae. 2a : Answer (2 ruby) 

6 How many hours will it take a truck to go 66 miles at the 
rate of 6 miles an hour?..... po Siu erte ta NA Ne, sauce ha Answer ( | / ) LO 

7 How many cigars can you buy for 50 cents at the rate of 2 for OD 
ERECREST Etre ren ae atte he Roma e ay ca ee Answer ( DVO) 

8 A regiment marched 40 miles in five days. The first day they 70 
marched 9 miles, the second day 6 miles, the third 10 miles, ee ae 
the fourth 8 miles. How many miles did they march the last [ 2| 
(ORD RAD TAS ac arcaetic le NPE en oer ea At ee oe SEE ie Eh a Answer ( ve ) , 

9 If you buy two packages of tobacco at 7 cents each and a pipe 
for 65 cents, how much change should you get from a two- 
dollartbilleerkes cement e cae oe er ere sion: Answer Ci a] ) 

10 Ifit takes 6 men 3 days to dig a 180-foot drain, how many men 
are needed ‘to dig it in half'a day?.... 5.200500. 08. 005 Answer (36 Moy 
11 A dealer bought some mules for $800. He sold them for $1,000, : oy 
making $40 on each mule. How many mules were there?. . Answer ( Ve) 
12 A rectangular bin holds 400 cubic feet of lime. If the bin is 4 1069 
10 feet long and 5 feet wide, how deep is it?............ Answer ( ) 200 
13 A recruit spent one-eighth of his spare change for post cards 
and four times as much for a box of letter paper, and then had 
90 cents left. How much money did he have at first?. .. .Answer ( )) 
14 If 31% tons of coal cost $21, what will 51% tons cost?..... Answer ( ) 
15 A ship has provisions to last her crew of 500 men 6 months. 
How long would it last 1,200 men............-..0--0-5 Answer ( ) 
16 Ifamanruns a hundred yards in 10 seconds, how many feet 
does he run in:a fifth of a seGond?... . 2... 6c... ec nee ens Answer ( ) 
17. A U-boat makes 8 miles an hour under water and 15 miles on 
the surface. How long will it take to cross a 100-mile channel, 
if it has to go two-fifths of the way under water?...... Answer ( } 
18 If 241 squads of men are to dig 4,097 yards of trench, how 
many yards must be dug by each squad?.............. Answer ( ) 
19 Acertain division contains 3,000 artillery, 15,000 infantry and 
1,000 cavalry. If each branch is expanded proportionately 
until there are in all 20,900 men, how many will be added to 
(aca asll iad cee crc Bete neice? SP EEC OOo I AIO EE a aes Answer ( ) 
20 A commission house which had already supplied 1,897 barrels 


of apples to a cantonment delivered the remainder of its stock 
to 29 mess halls. Of this remainder each mess hall received 54 
barrels. What was the total number of barrels supplied?. . Answer ( d 


Fic. 17. — Showing R’s calculation on Test 2, Army Alpha, Form 5, at the age of 
7 years 6 months, five minutes being allowed for the performance. Note immature 


formation of the numerals. 
the margin. 


The only part of the figuring done on paper appears in 
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TEST 6 
Te ak Tt ee ee ree 
file. weirs 04 ce 
SAMPLES 2 2 3 8 4 CB ee alg oe 
Mia iad bee mas u 


Look at each row of numbers below, and on the two dotted lines 
write the two numbers that should come next. 


3. a Sey 6h ke ye eee Gaerne): 
40. 351) 00, 425.0300 Ws | (2 
go lee hs; ae ae eee 
a) 96) 0 toy 1s siege at 
Gog is A re ome gs 4. 33. 
a Oe a ee a es ey 
os ee AS- 
1 a ae 26. © aoe ee 
sey ie ide aes eee 
ae Le me nh! 
19) 46. A714) 41 16 bom. pee ee eee 
cupid) Bice  o BeOe eae 
{kee lS aes ee Omens 
bo SA 196 95, ton > das ee 
1s: AY La ios Sie we eee ee 
ne eee ee Cs eee ae 
g0-° Aa ase eo ee eee 
16 ATER ye eto Je 
ba OO ete) Os eae ee * 


3 6 8165" 18 736 waleiee 


Fic. 18. — Showing R’s calculation on Test 6, Army Alpha, 
Form 5, at the age of 7 years 6 months, three minutes being 
allowed for the performance. Note immature formation of the 
numerals, 
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with a top 24 inches square, he was shown the lumber (12 
inches wide) and asked how many pieces he must prepare for 
the table. He replied ‘three,’ and it was some time before 
he was led to recognize his mistake.” 

With his love of mathematics, R combines a passion for 
classifying. As early as his first year of life, he would classify 
his playing blocks according to the shape of the letters on 
them, — O, Q, P, and the like together, and A, V, W, N, M, 
and the like in another group, and so forth. This delight in 
classifying is also one of D’s most conspicuous characteristics. 


X. THE INHERITANCE OF ARITHMETICAL ABILITIES 


From his search through the literature pertaining to arith- 
metical prodigies, Mitchell concluded that he could not find 
sufficient data from which to generalize concerning heredity. 
This conclusion is no doubt justified. We must wait upon 
modern studies, in order to gain knowledge of the extent 
to which such tendencies may be inherited. We may note, 
however, that many relatives, gifted in some way, are re- 
ported among the lightning calculators of history. Dia- 
mandi’s mother “had an excellent memory for all sorts of 
things,”’ and a brother and a sister out of a family of fourteen 
siblings shared his aptitude for mental arithmetic; the family 
history of the Bidders has been referred to already; Safford’s 
father and mother were both teachers; Gauss had a mater- 
nal uncle of known mechanical and mathematical talent; 
Mitchell’s younger brother could play chess blindfolded. Of 
the two children, D and R, herein described, both have many 
adult relatives who are or were writers, money-makers, in- 
ventors, or organizers. Of this generation, D is an only child, 
but he has several cousins. Of these, three who have been 
measured show IQ’s of 150, 156, and 157, respectively. R’s 
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only brother has an IQ of 150, and of his two cousins, both 
girls, the only one yet measured has an IQ of 170. These 
are suggestive fragments of facts concerning family resem- 
blances. 

Cobb has made a quantitative study of resemblance be- 
tween parents and children, in the various fundamental pro- 
cesses, using five of Courtis’ standard tests. She finds that 
the coefficient of correlation between child and like parent is 
.60, between child and unlike parent, .o1, between child 
and mid-parent, .49. By ‘‘mid-parent”’ is meant the ability 
that falls midway between the abilities of the two parents. 
Twenty persons were studied in eight families. No sex dif- 
ferences were noted. A child of either sex may resemble 
either parent, and not all children of the same family do re- 
semble the same parent. Cobb concludes that the likeness 
found is due to heredity. 

In the matter of sex differences, it is notable that of all the 
lightning calculators recorded only one, and she of minor 
importance, was of the female sex. It is possible that this 
difference may be due to native sex differences in the inherit- 
ance of endowment. Itismuch more probably due, however, 
to those differential pressures — social, educational, and eco- 
nomic — which cast up to public notice more deviates of all 
kinds among the male sex. During the periods from which 
the records of lightning calculators have been gathered, this 
differential pressure was much more forceful than it is now. 
Because of the differential action upon the sexes of social 
pressures, it is never possible to make valid comparisons of the 
sexes in respect to mental deviation, unless the sampling has 
been rigidly made in some manner absolutely indifferent to 
selection, and unless the measurements have been objectively 
taken, 
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XI. IMPLICATIONS FOR EDUCATION 


Studies thus far made would convince us that arithmetical] 
skill consists in the automatization and integration of a hier- 
archy of habits, which can be acquired to a passable degree 
by all children of average intelligence. Lightning calculation 
results from building up and rendering automatic still further 
habits, and can be achieved by persons of great general intel- 
ligence. It remains an open question whether a generally 
stupid person can ever become a prodigious calculator, but it 
seems certain that interest in and aptitude for arithmetic 
may be especially marked in generally superior children. 

Arithmetical ability may develop, without simultaneous 
development of ability in other branches of mathematics. One 
may calculate prodigiously, without comprehending alge- 
braic and geometric principles, or being interested in them. 
Also one may be more or less adept, either by nature or by 
training, in one kind of arithmetical function than in others. 

Drill is the means for improving arithmetical ability, so far 
as speed and accuracy of calculation are concerned. Ability 
in problem solving can probably not be much affected by drill, 
since “‘a problem”’ is, by definition, something that requires 
independent adjustment, and not the response of automatic 
habit. It therefore calls on general intelligence, and cannot be 
improved after the mechanics of reading and calculating have 
been mastered up to the limits of capacity. 


REFERENCES 


ANDERSON, C. I. — ‘The Use of the Woody Scale for Diagnostic Pur- 
poses”; Elementary School Journal, 1918. 

Binet,- A. — Psychologie des grands calculateurs et joueurs déchecs ; 
Paris, 1894. 


I40 SPECIAL TALENTS AND DEFECTS 


Brown, W. — “An Objective Study of Mathematical Intelligence ”’ ; 
Biometrika, 1910. 

Coss, M. — “The Inheritance of Arithmetical Abilities”; Journal of 
Educational Psychology, 1917. 

Cottar, D. J. — “A Statistical Survey of Arithmetical Ability” ; Brit- 
ish Journal of Psychology, 1920. 

GittincHam, A.— One Child’s Struggle in the Preparation for Life; 
Pedagogical Seminary, 1913. 

LANTERNE, S. — Psychologie du nombre et des opérations élémentatres 
de Varithmétique; Paris, 1907. 

Lazar, E., and Peters, W. — “Rechenbegabung und Rechendefekte 
bei abnormen Kindern”’; Fortschritte der Psychologie, 1915. 

LinpitEy, E. H., and Bryan, W. L. — “An Arithmetical Prodigy” ; 
Psychological Review, 1900. 

MApay, H. V.— “Die Fahigkeit des Rechnens beim Menschen und 
beim Tiere”; Zeitschrift fiir angewandte Psychologie, 1913. 

Miter, G. A. — “Mathematical Prodigies’”; Science, 1907. 

MircuHett, F. B. — ‘Mathematical Prodigies”; American Journal of 
Psychology, 1907. 

Mostus, P. J. — Ueber die Anlage zu Mathematik, 2nd edition; Barth, 
Leipzig, 1907. 

RANSCHBURG, P.— Die Rechenschwéiche (Arithmasthenie) der Schul- 
kinder im Lichte des Experiments; J. Springer, Berlin, 1916. 

Rocers, A. L.— Experimental Tests of Mathematical Ability and 
Their Prognostic Value; Teachers College, Columbia University, 1918. 

ScripTuRE, E. W. — “Arithmetical Prodigies”; American Journal of 
Psychology, 1801. 

Scumitt, C.— “Extreme Retardation in Arithmetic”; Elementary 
School Journal, 1921. 

SmitH, J. H. — “Individual Variations in Arithmetic”; Elementary 
School Journal, 1916. 

Terry, P. W.— “The Reading Problem in Arithmetic”; Journal of 
Educational Psychology, 1921. 

THORNDIKE, E. L.— The Psychology of Arithmetic; The Macmillan 
Co., New York, 1921. 

Unt, W. L.— “The Use of Standardized Material in Arithmetic for 
Diagnosing Pupils’ Methods of Work”; Elementary School Journal, 
1917. 


CHAPTER VII 


DRAWING 


I. THE VARIOUS KINDS OF DRAWING 


MANUEL, who has made a careful psychological study of 
talent in drawing, defines drawing as follows: ‘‘The term 
drawing designates a process of causing, by means of pencil, 
pen, brush, or other instrument, certain lines or areas, or both, 
to appear on a given surface.” This definition we may ac- 
cept, if we add that the lines and areas are intended or can be 
interpreted to signify something. We should not agree, for 
instance, that the lines and areas which are caused to appear 
on the ground by the scratching of a fowl should be included 
within the definition. 7 

Having been thus defined, drawings may be classified into 
many kinds, in accordance with the technique employed and 
the meaning conveyed. These kinds are (1) copying, (2) rep- 
resentative drawing, (3) analytical or diagrammatic draw- 
ing, (4) impressionistic drawing, (5) symbolic drawing, and 
(6) caricature. This classification is exclusive of other forms 
of graphic or representative expression, such as painting, 
sculpture, and paper-cutting (used in the art of cutting 
silhouettes). 

These various kinds of presentations differ as to the psycho- 
physical equipment constituting talent for them. It is there- 
fore impossible, as psychological study has proved, to discuss 
talent for drawing, without specifying what kind of drawing 
is under consideration. Talent for painting, sculpture, and 

I4I 
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cutting silhouettes has been little studied, so that we are not 
in position to discuss these at the present time, either as 
processes in themselves or as related to drawing. 

The term copying is self-explanatory. By representative 
drawing is meant a drawing having visual realism, which 
“looks like” that from which it is drawn. Analytical (dia- 
grammatic) drawing is logical. It may violate features essen- 
tial to visual realism, stressing only aspects from certain points 
of view, or abstracting a general principle. For instance, 
the plan for the ground-floor of a house, or a schema of arterial 
circulation, would be analytical. Mechanical drawing comes 
under this category, as does also, in a sense, conventionalized 
drawing, for in conventionalized drawing some general prin- 
ciple or pattern is abstracted from concrete instances, and is 
made the basis of the design. A conventionalized bird does 
not look like any particular bird ever seen by anyone, but, 
on the other hand, it looks like all birds. It is a non-existent, 
composite, typical bird. Impressionistic drawing conveys 
an idea without much attention to visual realism. A curve 
stands for a cloud, two vertical lines suggest trees, a few zig- 
zag marks indicate grass and flowers. In symbolic drawing one 
thing is drawn to represent another thing, as a crown is 
drawn to represent royalty. Symbolic drawing does not, 
perhaps, deserve separate classification, in a study of abilities, 
but for the present it seems best to differentiate it. To 
originate symbolic drawings may call for capacities not in- 
cluded in the other forms of graphic presentation. Finally, 
caricature is drawing that catches and exaggerates individual 
peculiarities, most often with a result which is humorous or 
satirical. The art of cartooning depends very largely on cari- 
cature and symbolism for its effect. Cartoons interpret life. 
The successful cartoonist, therefore, combines talent for 
drawing with a high degree of general intelligence. 
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II. RAMIFICATIONS OF DRAWING THROUGH THE CURRICULUM 


When we speak of drawing in the schools, there is a tend- 
ency to think only of those performances which are taught 
and executed during the time set aside for instruction by the 
teacher of drawing. But a little reflection will show us to 
what an extent drawing ramifies through the curriculum, 
and forms an element in achievement. 

In geography map-drawing is required. In nature study, 
notebooks with drawings of natural objects seen are fre- 
quently kept. In sciences taught by the laboratory method 
drawing is an important element in success. Zodlogy, phys- 
iology, and botany are especially taught through drawing. 
In mechanics, and in engineering, drawing plays a prom- 
inent part. Thus it comes about that school marks in all 
these subjects depend to some extent on drawing of some kind. 
If psychological study shows capacity for drawing to be largely 
or utterly dissociated from general intelligence, the use of 
drawing to so great an extent, as a method of recitation in 
the sciences especially, may be undesirable. The belief that 
drawing used in this way fails to meet the need of many pupils, 
otherwise apt in science, led Ayer to undertake the interesting 
investigation to which it will be necessary to give our atten- 
tion in detail, throughout this chapter. 


III. PSYCHOLOGICAL ANALYSIS OF TALENT IN DRAWING 


It is quite interesting to notice that the analysis of ability 
in reading, spelling, and arithmetic has been approached 
largely through studies of the particularly deficient, while in 
the case of drawing and music the approach has been through 
study ,of the gifted, to a greater extent. 

The psychographic study of individual talent in drawing 
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was preceded by many investigations of what children draw, 
at what ages various details appear in drawings, how the draw- 
ings of one group compare with those of another, and what 
people say about the drawings they make. These studies, 
up to 1915, have been brought together by Ayer, and are so 
well summarized by him in relation to the study of aptitude, 
that there is no need to summarize them again. Those who 
desire to become familiar with the whole literature of the psy- 
chology of drawing will do well to consult Ayer’s work. 

Several analyses of ability to draw have been undertaken, 
some through study of the particularly deficient, some through 
study of the conspicuously talented. Meumann thus states 
the causes of inefficiency in drawing : 


(1) The will to analyze and to notice forms and colors has not been 
stimulated. 
(2) The intention to analyze may be aroused, and yet the indivi- 
dual may find the analysis too difficult. This is a matter of innate talent. 
(3) The memory of that to be represented may be deficient. It 
may be incomplete or vague in form or in color. The memory of spa- 
tial relations may be inadequate. This, too, is a matter of innate talent. 
(4) There may be lack of ability to hold the image during the act 
of drawing. This capacity is innate. 
(5) The memory image and the perceptual image may not be coér- 
dinated with the movements in drawing. This capacity is innate. 
(6) The sight of the drawing in its imperfection as compared with 
the memory image may disturb the image. 
(7) The drawer may lack schemata on which to found his drawing. 
(8) There may be failure to comprehend how one may project 
space in three dimensions upon a plane. 
(9) Manual skill may fail. 
(10) There may be no artistic sense. 
(11) Inability to draw may arise from a combination of various of 
these deficiencies. 


Manuel has offered the following analysis, after study of 
persons especially talented : 
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The following characteristics, each an independent or partially in- 
dependent variable, seem closely related to ability in drawing: 
(1) The ability mentally to note a visual form, and, by certain lines 
and areas, to reproduce it or significant features of it. 
(2) Ability to observe. 
(3) Ability to select from a complex visual situation the most rep- 
resentative and the most beautiful aspects. 
(4) Memory for visual forms. 
(5) Ability mentally to manipulate visual forms. 
(6) Ability to control hand movements in accordance with visual 
percept or image. 
(7) Ability to invent, to bring together into new artistic combina- 
tions the elements of different visual experiences. 
(8) Ability to judge the beautiful in line, form, color, and compo- 
sition. 
(9) Ability to discriminate differences in color. 
(10) Ability to discriminate differences in visual magnitude. 
(x1) Acuity of vision. 
(12) Interest in the act and products of drawing. 
(13) General intelligence. 


These two analyses may serve as samples, since they include 
practically all the elements suggested by any other investi- 
gators. Jones has recently furnished us with additional 
evidence that memory of objects visually perceived and 
perception of perspective are probably important contribu- 
tors to drawing ability. Among 264 school children in the 
seventh and eighth grades of the Evanston public schools, a 
correlation was found of .83 between visual memory and 
ability to draw. Perception of perspective and visual mem- 
ory yielded a coefficient of .85. 

As a result of administering more than twenty tests to 19 
individuals gifted in drawing, Manuel concludes that, “ Per- 
sons talented in drawing exhibit great individual differences 
in their psychophysical characteristics.” Nevertheless, tests 
devised to measure status in the traits listed in the analyses 
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which have been made, would be expected to yield, finally, a 
psychograph of talent in each of the various kinds of draw- 
ing. Persons approximating these psychographs could then 
be identified as talented in drawing, and those deviating 
widely from them could be classified as deficient in ability to 
draw. The invention and standardization of such tests is a 
matter for further research. At present we have no means of 
gauging talent in drawing except by grading a finished product 
on a scale of drawings, like Thorndike’s “Scale for Measuring 
Achievement in Drawing.’’ Such a means does not always 
adequately separate talent from training. 

The hope that psychographs of ability to draw may be platted 
in future does not mean that psychologists expect to find com- 
plete similarity among those talentedindrawing. Individuality 
is as intrinsic in drawing as it is in handwriting. As a signa- 
ture can be used for identification in the hands of experts, so a 
picture bears the mark of the particular psychophysical con- 
stitution that produced it. The ordinary reader of current 
fiction knows, by inspection, whether a given illustration has 
been made by May Wilson Preston or by Tony Sarg, without 
seeing the signature. The drawings of Clarence Day are 
inimitable. 


IV. RELATIONS BETWEEN APTITUDE IN DRAWING AND 
GENERAL INTELLIGENCE 


As long ago as 1903, Fischlovitz studied 350 high school 
freshmen, to obtain the correlation between ability to draw 
and ability in other high school studies. Correlations were 
computed between grades in drawing and in other subjects. 
The conclusion was that, ‘Ability in drawing is correlated to 
a greater degree with some of the subjects than with others, 
but in no case is the correlation very strong, and that ability 
in drawing is more of a special ability.” 
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Some years later, Elderton obtained a correlation of .416 
between grades in drawing and grades in classics, for one 
class, and of —.313 between the grades in the same studies, 
in another class. The subjects were here 19 boys in each of 
two classes in an English public school. Ivanof found among 
Swiss children a tendency for the able in drawing to include 
somewhat more good all-round pupils than were included 
among the pupils at large, and an opposite tendency among 
those poor in drawing. The figures show, however, many 
pupils strong in general work listed among those poor in 
drawing. Ayer obtained a correlation of .66 between 
grades in drawing and other subjects, for 141 normal school 
students. 

As Ayer points out, these methods are very crude as means of 
determining to what extent drawing is a special ability. In 
the first place, since drawing is used as a form of recitation 
in various school subjects, we are obtaining to some extent a 
self-correlation in subjects like science and geography. In 
the second place, grades in drawing do not specify what kind 
of drawing is graded. In the case of Ayer’s normal school 
students, special inquiry showed that the grades in draw- 
ing were computed from heterogeneous factors, including 
(a) ability in representative drawing, () ability in designing, 
(c) ability in artistic discrimination, (d) ability with color, 
washes, shading, etc., (e) attendance, (f) discipline, (g) vo- 
cational interest. School marks do not, therefore, isolate 
ability in any one kind of drawing, from a medley of other rel- 
evant and irrelevant factors, the mark being bestowed upon 
the total composite of factors. 

Much more reliable as a method of research is the method 
of tests. In Simpson’s data, already quoted, it is seen that 
drawing lengths shows very slight coherence with other 
abilities. Other similar fragmentary suggestive facts may be 
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found, scattered through the literature. In 1916 Ayer under- 
took a well-planned investigation to determine how two kinds 
of drawing, (1) representative drawing and (2) analytical 
drawing, are related to (a) ability in verbal description and 
(b) achievement in school subjects on the whole. 

A turkey feather was drawn representatively, drawn ana- 
lytically, and described verbally by 51 high school pupils. 
Twenty-four hours after the analytical drawing, the pupils 
were again required to make a diagram of the feather and to 
answer questions about its parts. The results of these va- 
rious efforts were then scored by ten competent judges in- 
dependently, to obtain a final score for each pupil in each 
test. 

The table, from Ayer, on page 149, shows the rank 
obtained by each pupil in each kind of performance. The 
pupil who stands first in memory stands thirty-eighth in 
representative drawing, and so forth down the series, for each 
pupil. 

In the following table, from Ayer, we see the coefficients of 
correlation found between the various functions tested, as 
computed from the ranks listed in the table on page 149. 


TABLE FROM AYER 


Showing correlations in case of representative drawing, retention, diagram- 
ming (analytical drawing), and description. 


COEFFICIENT OF 


ABILITIES CORRELATED CorRELATION 
(PEARSON) 
Representative drawing and description . . . . . . 023 
Diagramming and representative drawing. . . .. . = (OR 
Diagramming and description. . ....4... . a8 
Representative drawing and retention. . . .... == 597} 
Description and retention . . cath iup G08 ee Une 234 


Analytical drawing and retention. moe ae es 433 
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TABLE FROM AYER 


Rank in retention, representative drawing, description, and analytical 
drawing, as tested in the case of 51 students in a first year high school class 
in general science. 


RANK IN Rank IN See RANK IN_ || Rank IN| RANK IN De RANK IN 
Memory | DRAWING | ccpiprion | DIAGRAM |} Memory | DRAWING SCRIPTION DIAGRAM 
I 38 2 I 27 6 32 47 
2 4I 14 5 28 16 34 18 
3 Qe) I 14 20 20 31 8 
4 22 30 41 30 4 50 22 
5 7 46 4 31 44 18 40 
6 ry 20 10 32 19 4 7) 
7 48 22 43 33 13 48 45 
8 27 19 6 34 33 16 33 
9 42 6 27 35 II 8 44 
10 39 9 31 36 23 47 36 
II 31 44 19 37 I 43 38 
12 36 10 9 38 43 33 29 
13 18 41 26 39 8 36 II 
14 21 29 12 4o 29 42 21 
15 9 38 23 41 30 3 46 
16 35 13 Aly 42 2 26 42 
17 51 37 24 43 47 28 28 
18 25 35 39 44 32 au 7 
19 10 24 34 45 15 27 20 
20 26 5 25 46 406 39 47 
21 12 17 30 47 49 Il 16 
22 28 49 fet 48 50 40 5° 
23 34 25 13 49 5 45 30 
24 3 12 15 50 AO 23 48 
25 45 45 2g 51 14 51 49 

26 24 7 2 


The correlation between representative drawing and verbal 
description is practically zero. From knowledge of ability 
in one of these functions, among high school students, no 
inference can be made concerning the other. Ability in dia- 
gramming (a kind of analytical drawing) is also not corre- 
lated with representative drawing. On the other hand, the 
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processes of diagramming and description exhibit a slight 
tendency to positive coherence, as do description and retention. 
Analytical drawing and retention have a decided tendency 
to cohere, with a coefficient of .433. 

In order to check his finding that school marks in drawing 
correlate well with school marks in other subjects, Ayer cor- 
related the scores of these 51 high school pupils in representa- 
tive drawing, with their school marks and found an absence 
of relationship. ‘Ability in representative drawing is not 
correlated with achievement in school subjects, when it is iso- 
lated from the other factors of school drawing.”’ 

Ayer concludes that different kinds of drawing are differ- 
ently correlated with general intelligence, and that it is nec- 
essary to isolate the various kinds in determining the 
relationship. Analytical drawing is a better indication of 
a pupil’s general grasp of subject matter than is representa- 
tive drawing. He recommends “that the device of represen- 
tative drawing shall be supplanted in laboratory teaching,” 
since it appears to be a highly specialized function. 

The question of the relationship between general intelli- 
gence and ability to draw has also been investigated by Man- 
uel, who took the IQ of each of his talented subjects by means 
of Stanford-Binet. These were pupils in elementary school, 
high school, and college. This means of measuring general 
intelligence was ill adapted to its purpose in the case of the 
college students and, also, probably in the case of many of the 
high school students among his subjects, as the scale will not 
measure the intelligence of very superior adolescents and 
adults. Because of its limitations, the most intelligent adult in 
the world cannot show an IQ of more than about 120 on it. 
Therefore some of Manuel’s older subjects may have been 
much more intelligent than appears on the record. The range 
of intelligence among those talented in drawing may be even 
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greater than the record shows. The tests as they stand show 
that superior ability in drawing may accompany any degree 
of general intelligence from very superior to very inferior. 
“We conclude therefore that a certain elementary ability 
in graphic representation, such as is required for success in 
elementary school drawing, is independent, or partially in- 
dependent, of general intelligence.” 

It should be stated that presence of talent in drawing in 
the case of these individuals was determined in part by testi- 
mony of teachers of art, and in part by two tests, (1) the draw- 
ing of a house from memory, and (2) the drawing of a wooden 
cart from the object. Both of these would be classified as 
representative drawings. 

Where representative drawing has been isolated for study 
in relation to general intelligence, no results contradictory to 
the conclusions stated above have been reported. Earlier 
investigators had declared that great talent for graphic ex- 
pression is closely connected with good intellectual endow- 
ment in children,but that ‘‘ the reverse of this does not hold 
true.” This conclusion will probably be shown to be well 
founded in future researches carried out by modern test 
methods. ‘Great talent’ includes much more than mere ability 
to ‘‘see and make” an object. As Manuel says, “Before 
one gets very far in art expression, a great number of supple- 
mentary factors must be brought to the support of the ability 
to represent graphically simple objects. Even the technique 
itself becomes progressively more difficult. . . . General intel- 
ligence conditions the ability of drawers (a) to acquire the 
advanced technique into which conceptual factors enter, and 
(b) to create original drawings of merit.”’ 

Manuel also gave tests of linguistic ability in the course of 
his study and found no essential relationship between ability 
to draw and ability to manage words. ‘“‘Linguistic ability is 
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no index of ability or lack of ability in graphic representation,” 
but linguistic ability correlates well with general intelligence 
(as has been previously emphasized in this volume). 

For purposes of educational and vocational guidance we 
now need especially studies of the relationship between gen- 
eral intelligence and kinds of drawing other than the 
representative. We require studies of the extent to which 
copying, analytical drawing, symbolic drawing, and caricature 
are correlated with general mental capacity. It may be pre- 
dicted with some confidence that research in unselected groups 
will finally show copying and representative drawing to be 
slightly correlated with general intelligence. Analytical and 
symbolic drawing are probably significantly correlated with 
general intelligence, while caricature is doubtless very closely 
correlated with intellectual capacity. 

We need also researches bearing upon the relationship be- 
tween ability in painting, sculpture, and pattern-cutting, and 
general intelligence. To what extent are painters and sculp- 
tors of high repute also gifted with superior intellectual acumen ? 
Popular opinion would have it that the ‘‘artistic mind”’ is 
antagonistic in its organization to the ‘“‘scientific mind.” 
Probably here as elsewhere uncontrolled speculation leads to 
false conclusions. Probably those who achieve eminence in 
the arts are, on the whole, as highly endowed with general in- 
telligence as are those who win eminence in other kinds of 
careers. Greatness in graphic portrayal almost certainly 
results only when there is a rare combination of highly 
specialized capacity for representative drawing, and very 
high IQ, in the same individual. 

Fortunately for all, modern life calls for all forms of talent 
in drawing, in all degrees of combination with general intelli- 
gence. Sign painters, copyists, designers, draughtsmen, ar- 
chitects, illustrators, and creative interpreters of human faces 
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and of human life are all needed. Persons skilled in drawing 
are essential to mechanical and industrial development in 
society, for everything made must first be drawn, from the 
motor of an airplane to the fancy buttons on a child’s coat. 


V. THE COLOR-BLIND 


Between 3 and 5 per cent of boys, and apparently fewer 
girls, inherit a special defect of vision, called ‘‘color blindness.” 
A color-blind child may be gifted in drawing, except in color 
drawing, but he will be incompetent as a painter. 

There are several forms of this special defect. Very rarely 
it may happen that no discrimination among colors is pos- 
sible, the world appearing, as in a photograph, to consist only 
of light and shade. In the late evening, or in any sufficient 
dimness, color is not perceived by ordinary eyes. Those who 
are blind to all colors do not see color with the brightening of 
the light, as ordinarily happens. 

The most common form of color blindness is, however, that 
in which only red-green sensations are absent, other colors 
being distinguishable. There is no disease present in such 
cases. The defect is hereditary, and consists in deviation from 
the typical in structure of the retina. The eyes of color- 
blind persons are as healthy and normal as those of others, in 
respect to functions other than acting as receptors for certain 
waves of light. 

A few cases of blue-yellow color blindness have been re- 
ported, these resulting from pathological causes. 

A color-blind child does not, of course, know from his own 
experience that he isso. He supposes that everyone sees what 
he sees, until informed by test or disaster of his deviation from 
the usual. 

Color blindness seems to bear no relation to intelligence, so 
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that in drawing where color is used teachers will find a certain 
percentage of generally very able children producing absurd 
results. A color-blind child with a great gift for drawing, may 
succeed in etching or in black and white work of various kinds, 
as has been shown by the actual rise to eminence of etchers 
who are color-blind. 


VI. ILLUSTRATIVE CASES 


The facts which have been set forth in regard to ability in 
drawing will be further illuminated by concrete cases. In 
Figure 19 we have reproduced the psychograph of a child in 
the elementary school, E 1, showing talent in representative 
drawing combined with very inferior intelligence. 

E 1 was a pupil in the sixth grade, at the time when this 
psychograph was made. She was nearly 14 years old, and 
therefore distinctly retarded in school status. In spite of her 
general incompetence, her drawing teacher placed her near 
the top of her grade in native ability to draw. The child is 
described as not original. ‘‘She can follow better than she 
can originate.” ‘‘Apparently her talent for drawing is in- 
herited. Her father is a tailor. He enjoys drawing and let- 
tering. Her mother takes great interest in the children’s 
drawings, and an aunt has made paintings of some interest. 
An older brother of E 1 is reported as very good (original and 
true) in drawing. She has also two younger sisters and a 
younger brother who are good in drawing.” 

Figure 20 shows a copy of a man’s portrait, done by a 14- 
year-old boy, of IQ near 70. This boy was incapable of nor- 
mal progress through the school curriculum. Being “left 
back”’ repeatedly, he became a truant and otherwise delin- 
quent. His ability for and interest in drawing are highly 
specialized. Figure 21 shows drawings of movement (not 
copied) by the same boy. 
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Percentiles 

Handwriting, School Marks 
Drawing, School Marks 
Drawing Cart 

Drawing Horse 
Cancellation 

Cancellation Triangles 
Pereeptual Learning 
Lincoln and Pig, Deferred 
Lincoln and Pig, Immediate 
Marble Statue 

Th. Aesthetic Appreciat’n 
Code 1-g 

Punched Holes 

Spatial Relations 
Thurstone Hand 
Thurstone Reasoning 
Bonser Reasoning 
Proverbs I, II, VI 
Trabue J and K 

Word Building 

School Standing 

Binet IQ 


Percentiles 


Fic. 19. — Showing the psychograph of a stupid child, who has a special ability in 
representative drawing. (From Manuel’s A Study of Talent in Drawing. Reproduced 
by courtesy of The Public School] Publishing Company.) 


The special ability in paper-cutting of a feeble-minded 
man, “Dick,” is illustrated in Figure 22. At the time these 
silhouettes were cut, this man was 28 years old, strong and 
healthy, with a mental level of 6 years 4 months, and IQ 39 
(Stanford-Binet). He has been an inmate of an institution 
for mental defectives for seventeen years, as his general in- 
telligenee is insufficient for any kind of unsupervised career. 
He has never been able to learn to read or write. 
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Fic. 20. — Showing special ability in drawing, of a 14-year-old boy, of IQ near 70. 
The portrait is a copy. 
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Fic. 21. — Showing special ability in drawing of a 14-year-old boy, of 
IQ near 70. 
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This man is greatly interested in animals, and after being 
taken to the circus sometime ago, became a nuisance in his 
preoccupation with what he had seen there. In cutting the 
silhouettes, he merely takes a sheet of paper in one hand, a 
pair of scissors in the other, and cuts absolutely “free-hand,” 
without reference to any preliminary patterning or draught- 
ing, either from memory or from a model. The performance 
is accompanied by many naively vain remarks, calling atten- 
tion to his skill and the quality of the product. He can also 
draw, as is shown in Figure 23. He has never had any special 
training so far as known. 

For the sake of contrast, we have presented, in Figure 24, 
the attempts of two university professors to cut an elephant 
from paper, as did “Dick” in Figure 22. These two profes- 
sors are both doctors of philosophy, distinguished in their 
respective fields for research. Yet they are greatly surpassed 
by “Dick” in ability to cut silhouettes. 


VII. INHERITANCE OF TALENT IN DRAWING 


A comprehensive study of the inheritance of talent in draw- 
ing is yet to be made. Manuel took the family history of the 
pupils studied by him, and found artistic ability of some kind 
among close relatives in almost all cases. The gift showed 
itself in early childhood in these talented persons, and there 
is every reason to believe that it was bestowed by the con- 
ditions of near ancestry. 


VIII. GENERAL SUMMARY 


It is clear that talent for representative drawing arises 
from a happy combination of a great many variable functions ; 
and that this combination may occur in persons of superior, 
average, or inferior intelligence. Likewise, conspicuous lack 
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Fic. 24.— Showing attempts by two distinguished university professors to cut 


silhouettes of an elephant. Compare with Figure 22. 
* 
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of this talent is compatible with intelligence of almost any 
degree. Therefore, many children considered by their teach- 
ers of drawing to be pupils of ability, will be rated as but 
mediocre, or as inferior, by other teachers. This will be true 
especially to the extent that drawing as a subject of instruction 
is limited to representative drawing. 

Since superior students of science may or may not have 
ability to draw, it is probably undesirable that success in ele- 
mentary courses should be made to depend largely on drawing. 

Distinguished achievement in analytical, symbolic, and 
interpretative art is probably as incompatible with native 
stupidity as is distinguished achievement in any other field 
of technical endeavor. Persons who can draw, but are never- 
theless generally dull, should probably not be guided toward 
the career of designer, architect, cartoonist, or portrait painter. 

All persons possess in some amount each and every one of 
the capacities, which in rare and happy combinations consti- 
tute talent in drawing. The typical child possesses them in 
typical degrees, so that the majority can draw moderately well. 
Since in after life most children will enjoy the drawings of 
others more frequently than they will themselves draw, prob- 
ably it would be of value to devote a relatively greater part of 
the curriculum in drawing to forming acquaintanceship with 
pictures. Interest in drawing, painting, or sculpture may be 
present without talent, but probably keen interest and talent 
are most often combined. 

At present educational psychologists have before them the 
task of extending research, so that the word ‘‘probably,” so 
often used in this discussion, may be replaced by ‘‘certainly.” 
The accomplishment of this task will call for the codperation 
of artists, in particular. 
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CHAPTER VIII 
Music 
I. WHAT IS MUSIC? 


AMONG animals, only birds and men can produce music. 
Possibly, of these, men only can appreciate it. It is not 
agreed as to whether birds can appreciate music. They re- 
spond to it, and even imitate it, as in the case of the mocking 
bird, but we cannot be sure that their singing is for “pure 
joy,” or for the love of the melody rendered. With the ma- 
jority of men we know that musical tones arranged in melody 
or harmony act as original satisfiers, by and in themselves. 
‘Music hath power to soothe the savage breast.” 

The analysis of capacity for musical performance, and 
the study of individual differences in this respect, were pre- 
ceded by monumental studies of tone-psychology, rhythm, 
pitch-discrimination, and acoustics. In these researches psy- 
chologists, physiologists, and physicists have joined efforts. 
As Mead says in discussing Meyer’s theory of melody, “‘The 
search for the basis of music is centuries old; it antedates 
the search for the philosopher’s stone, the Holy Grail, and 
the North Pole.” 

Nevertheless, in spite of all their searching, scientific men 
have not discovered the basic psychology of harmony and 
melody. Meyer, a lifelong student of the problem, concludes 
that, ““Where we hear a succession of different pitches, we 
are affected in a certain way which cannot be described, but 
has to be regarded as an elementary psychological fact.’ 


The satisfaction experienced by the typical person upon 
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hearing a harmony, and the annoyance experienced by him 
upon hearing a discord, remain among the mysteries, perhaps 
unfathomable, of human psychology. 


Il. THE VARIOUS KINDS OF MUSIC 


There are many different kinds of music, requiring certain 
differences in psychophysical equipment for their execution, 
severally. For instance, singing requires certain equipment 
which may be lacking in a highly gifted organist. An or- 
ganist must have characteristics which are possibly dispen- 
sable to the harpist. 

To sing, to play the piano, to play the violin, to play the 
trombone, to compose a symphony, to write musical criti- 
cism — these are by no means all necessarily possible to the 
same person. A complete inventory of musical talent will 
rest upon knowledge of how all the various kinds of music 
are related as regards the capacities required in each, and of 
how the violinist may differ from the singer, and the drummer 
from the conductor of an orchestra. 


Til. THE ANALYSIS OF MUSICAL TALENT 


Since about the year 1915, psychologists have turned 
somewhat from the study of the nature of music to the in- 
vestigation of the musical person. They have raised the 
questions: In what way does the musician differ from others 
in his psychophysical equipment? Why are some persons 
unable to produce or appreciate music ? 

The pursuit of these questions led immediately to an anal- 
ysis of musical talent, for it was evident at once that a great 
variety of subsidiary functions contribute to any kind of 
musical performance. These may first of all be classified 
under three general categories: (1) the acoustic functions, 
the abilities involved in perceiving musical sounds, (2) the 
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motor functions, the abilities involved in executing musical 
sounds, and (3) the intellectual functions, ability to interpret 
musical compositions, and to originate new ideas. 

It is in the United States and in Germany that the signifi- 
cant studies of musical and unmusical persons have been 
made. Rupp, Bernfield, the Pannenbergs, Révész, Schussler, 
and Seashore and his students have all made contributions 
to the subject. ) 

Révész studied children who were extremely gifted in music, 
and proposed that in analysing musical talent the following 
abilities must be considered: (1) to compose, (2) to repro- 
duce, (3) to hear, (4) to remember musical elements, (5) to 
transpose, (6) to improvise, (7) to modulate, (8) to play at 
sight. In addition Révész stipulated that observations must 
be made with regard to intelligence, interest, and the “artistic 
nature” of the child. Later, in 1920, Révész proposed eight 
tests devised for the identification of the musical. These 
were for (1) the sense of rhythm, (2) absolute pitch, 
(3) octave recognition and transposition, (4) relative pitch, 
(5) harmony, (6) memory of a melody, and (7) playing by ear. 

The most complete inventory of musical talent that has 
been proposed is that of Seashore, who, with his numerous 
students, has made the most important contributions in this 
field. Seashore would include tests of all the following func- 
tions in the complete musical psychograph : 


I. Musical Sensitivity 
A. Basic Capacities 
1. Sense of pitch 
2. Sense of intensity 
3. Sense of time 
4. Sense of extensity 
B. Complex Capacities 
1. Sense of timbre 
2. Sense of rhythm 


MUSIC 167 


3. Sense of consonance 
4. Sense of volume 
II. Musical Action 

Natural capacity for skill in accurate and musi- 

cally expressive production of tones (vocal or in- 

strumental or both) in 
1. Control of pitch 
2. Control of intensity 
3. Control of time 
4. Control of timbre 
5. Control of rhythm 
6. Control of volume 

III. Musical Memory and Imagination 
1. Auditory imagery 
2. Motor imagery 
3. Creative imagination 
4. Memory span 
5. Learning power 
IV. Musical Intellect 
1. Musical free association 
2. Musical power of reflection 
3. General intelligence 
V. Musical Feeling 

1. Musical taste: likes and dislikes 
2. Emotional reaction to music 
3. Emotional self-expression in music 


Seashore has succeeded in devising, standardizing, and 
making available for practical purposes scales of measure- 
ment for five of the basic capacities of musical sensitivity. 
These are for pitch, intensity, time, consonance, and tonal 
memory. Research is under way to bring the other elements 
of musical talent similarly within the province of mental 
measurement. 

Attempts to study movement as an element in musical 
talent are exemplified by the recent investigations of Gate- 
wood and of Hansen. Gatewood studied finger-movement 
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in a number of persons, and found that there exist those who, 
even with great amounts of practice, do not approximate 
the speed and accuracy which others show on the first trial. 
However, the investigation of the motor elements in musical 
talent has not progressed as yet to a point that would enable 
us to make positive statements useful to educators; but it 
is obvious that for guidance they are fully as important as the 
acoustic elements are. 


IV. RELATION AMONG VARIOUS ELEMENTS OF MUSICAL TALENT 


Correlation has proved that sense of pitch and sense of 
time are largely independent of each other. Persons may 
stand high in one and low in the other. We know even now, 
therefore, that the elements of talent are independent or 
partially independent variables, and that excellence in one 
may be accompanied by inferiority in another. The suc- 
cessful musician is he who combines the necessary elements 
in high degree. Most children combine the elements in 
moderate or typical degrees of each, and are able to learn 
music and enjoy it in the ordinary manner. Only a few are 
capable of becoming professional performers. Schussler con- 
cluded that 5 to 10 per cent of the pupils examined by him 
might be justly classified as unmusical. A similar percentage 
would doubtless be classified as very musical, of whom a 
small proportion would be capable of outstanding musical 
achievement. 


V. RELATION BETWEEN MUSICAL TALENT AND GENERAL IN- 
TELLIGENCE 


It is somewhat difficult to compare musical talent with 
general intelligence, within a group of individuals, by test, 
because the tests which have been devised are to an extent 
dependent on intelligence for their execution. In order to 
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perform them, it is necessary to follow somewhat compli- 
cated directions, and to do this requires the exercise of intelli- 
gence. Seashore’s tests cannot be reliably carried out with 
persons whose general intelligence level falls below about 
nine years. 

Within the range of intellect which is sufficient for under- 
standing and carrying out the directions, musical sensitivity 
as regards pitch, intensity, time, and consonance shows no 
reliable correlation with general intelligence. This is what 
we should expect from test results, on the basis of the rela- 
tionships shown previously between ability in music and abil- 
ity in school work on the whole. For instance, Schussler 
found that of pupils classified by his criterion (grades re- 
ceived in singing) as “‘unmusical,’’ 41 per cent reached the 
grade norms in school work. Of those classified as ‘‘semi- 
musical,” 57 per cent reached the norms. Of the “musical,” 
79 per cent reached the normal status. The average stand- 
ing in marks of the “musical” fell 15 per cent above that of 
the “unmusical,”’ while the ‘‘semi-musical”’ showed an average 
rating 6.6 per cent higher than the “unmusical.” 

When we consider that school marks in singing, as in draw- 
ing, are given not only for musical capacity, but for a heter- 
ogeneity of factors, including effort, attendance, ability to 
comprehend directions, and so forth, we should at once ex- 
pect from these figures that by actual test, musical ability 
would be likely to show marked independence of general 
intelligence. Nearly half of the distinctly ‘“unmusical” 
children reached or exceeded the grade norms, in general 
school work. This is not far from what is true of children 
taken at random, regardless of musical talent. That a dis- 
proportionately large number of pupils who did very good 
work in music reached or exceeded the typical performance 
in school work on the whole, might be expected from the ex- 
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tent to which school marks in music are probably given for 
general superiority of the organism, as suggested above. 

The present findings from actual tests of sensitivity, above 
the minimum of intellect required for carrying out test di- 
rections, are that correlations closely approach zero as re- 
gards musical sensitivity and general intelligence. Therefore, 
educators may expect to find a number of pupils, who fail 
in nothing but music, and others who succeed in nothing but 
music. As Witmer has said, in discussing the specialization 
of musical gifts, “‘Were society so organized that success in 
life in every sphere of activity were dependent upon a good 
enough ear to turn a tune, many persons who are now doing 
useful work in the world, would have to be relegated to the 
class of imbeciles.’” 

In view of the facts, the wisdom seems doubtful of re- 
quiring all teachers in the elementary schools to qualify in 
singing before being certified, as is now done in some places. 
There will be a goodly number of students, in the normal 
schools, who are fitted by original endowment to become 
excellent teachers, except that they will never be able to sing. 
In the case of a gift so specialized, it seems advisable to have 
a special teacher wherever possible, rather than to disqualify 
from teaching persons who cannot sing, but are otherwise. 
well fitted to educate the young. 

Tests show that musical talent is specialized, but this is 
not to say that eminence in music can be attained by the 
stupid. The achievement of eminence in any endeavor calls 
for a grasp of life situations and a farsighted fidelity to sus- 
tained effort, which are functions of general intelligence. Also, 
for eminence in a musical career the intellectual functions 
which have to do with composition and interpretation are 
doubtless indispensable. A survey of the general intelligence 
of eminent musicians would probably reveal a median well 
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above the average; and this would probably hold true even 
for singers. 
VI. ABSOLUTE PITCH 

By absolute pitch is usually meant the power to recog- 
nize a single musical note when heard, without comparison 
with any other tone, either objective or subjective. It seems 
to be an hereditary gift, and probably cannot be acquired by 
training. (Some doubt has, however, been recently cast 
upon the latter conclusion by the researches of Gough, who 
was apparently able to educate persons in this respect to a 
limited extent.) 

Statements regarding the frequency of those who possess 
this idiosyncrasy vary, from that of Boggs, who says that 
only a few persons have the gift, to that of Seashore, who de- 
clares that ‘“‘the ability to name notes of a familiar keyed 
instrument on hearing a single tone is rather common among 
trained musicians, and may show itself very early in child- 
hood.” Perhaps the discrepancies of statement arise through 
lack of complete agreement as to what should be meant by 
“absolute pitch.” If the definition is insistently limited to 
that often given, namely, “‘the power to name a single musi- 
cal note when heard, without comparison with any other tone,” 
then no doubt the gift belongs to very few people, even those 
otherwise musically well endowed. 

Seashore holds that in these cases, it is probably not pitch 
as such which is recognized, but rather the timbre of the 
note. ‘The timbre of the low notes is entirely different from 
that of the higher notes, and the evidence seems to show that 
it is easier to remember a characteristic timbre than pure 
pitch in itself.” 

The gift of absolute pitch is a great advantage to a musi- 
cian. It is included as a valuable asset in the talent-inven- 


tory of Révész. 
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VII. TONE DEAFNESS 


Certain anomalies of structure in the ear give rise to tonal 
“gaps” and ‘‘islands.” The ear does not discriminate 
among pitches, in certain segments of the scale for pitch. 
Such a condition may occur in but one ear of a given indi- 
vidual, the other ear then hiding the defect. 

The child who is extensively deaf to tones has, of course, 
no means, save the testimony of others, of knowing whether 
he is or is not singing properly (unless he sees his singing on 
a tonoscope). He cannot be taught to sing in key, because 
the receptors which would enable him to profit by training 
are absent from the structure of the ear. Many a tone-deaf 
child has doubtless suffered much from persistent, conscien- 
tious efforts to make him sing. 


VIII. RANGE OF INDIVIDUAL DIFFERENCES 


In a previous chapter it has been pointed out that quan- 
titative psychology is still struggling toward the invention 
of scales which shall measure mental traits in terms of units, 
every one of which shall be equal to every other, as every 
inch is equal to every other inch. Until this is achieved, we 
cannot use “times as’’ comparisons in speaking of the re- 
lation of one individual to another, in respect to a function. 
We can now say that one person is three times as heavy as 
another person, because we can measure them in pounds, 
each one of which is equal to every other. But we cannot 
yet say that one person is three times as intelligent as another, 
because we have not captured the unit which would enable 
us to do so. 

In some of the traits which go to make up musical talent, 
it is possible to use the “times as”? comparison, because we 
have physical units whereby the differences may be gauged. 
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Pitch, for instance, may be measured thus. It depends phys- 
ically upon the frequency of vibrations, proceeding from a 
sounding stimulus, and is measurable in terms of the constant 
number of double vibrations per second. Seashore has found 
variations in power of discrimination from one-fourth of a 
double vibration to fifty double vibrations per second. This 
means that there exist individuals who are at least two 
hundred times as sensitive as others to pitch, in terms of the 
physical unit. 

Other elements in musical sensitivity cannot be so readily 
measured in stimulus units, so that the “times as’’ com- 
parison cannot be made. The great diversity of sensitivity 
to pitch may, perhaps, be regarded as a token of the range of 
individual differences in musical sensitivity, especially since 
pitch is a fundamental capacity. It is probably no exaggera- 
tion to say that, in an ordinary class in the elementary school, 
children are being taught together, some of whom are at 
least a hundred times as musical as others. If children of 
the same age differed as much from each other in height as 
they do in sense of pitch, it would be impossible to teach 
them in unassorted groups, for some would be two hundred 
times as tall as others. The diversity in mental traits, so 
much greater than in physical traits, leaves us complacent, 
for the eye cannot behold the incongruities, as it can in phys- 
ical matters. The eye cannot see the waste of time, effort, 
and joy which follows from the attempt to train, equally 
and together, children of such widely differing capacities for 
learning. 


IX. CAN MUSICAL CAPACITY BE INCREASED BY EDUCATION? 


| Musical sensitivity is inborn, and probably cannot be in- 
creased in any respect by training. If the various elements 
are not present in amount and combination suitable for a 
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given degree of achievement in music, no course of training © 
will supply the lack. This is not to say that ultimate achieve- 
ment, for those who do possess capacity, does not depend on 
training. Achievement depends upon both training and 
capacity, but the latter cannot be supplied except by hered- 
itary endowment. 

The question of improvement through education becomes 
especially important in a case where the psychograph is ex- 
cellent, but for one element. Much depends, of course, upon 
what the inferior element is, and the degree of the inferiority, 
as to whether the person will be able to succeed in a given 
musical career. 

Inferiorities that appear in capacity for musical action 
are possibly much more susceptible to improvement by 
training than are inferiorities of sensitivity. 

For example, there are persons whose psychographs show 
excellent musical talent, except that they falter from the 
' pitch in singing. The voice may be excellent in range, qual- 
ity, and volume, yet with a falter in control which leads to 
“flatting” or ‘‘sharping.” This is a defect in musical action, 
an inaccuracy of movement. 

It has long been known that the control of movement is 
brought about not only through the kinesthetic sensations, 
but through aid from the other special senses as well. Vision 
is a first-rate aid to the acquisition of motor control. It is 
a more efficient aid than hearing, because much finer differ- 
ences can be detected by vision. The problem, then, in an 
endeavor to improve by training those who “flat” or “sharp,” 
is to devise some method whereby visual aid may be adminis- 
tered to control. 

Such a method has been found in the tonoscope, an instru- 
ment which registers visually every pitch movement of vocal 
chords, or other sounding body. Practicing with the tono- 
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scope, the musician can see what his errors are, and learn 
what motor reaction will bring correction. The control of 
the eye is thus introduced into practice, as it is in tennis, 
writing, or other form of precise motor learning. Singers of 
all degrees of talent show improvement in pitch after practice 
with this instrument, and the improvement continues after 
the instrument has been laid aside. The gain made with 
the help of the eye remains in motor control, just as once 
having learned to write by aid of the eye, we can easily write 
in the dark or with eyes closed. 

The susceptibility to improvement in other forms of musi- 
cal action has not been shown experimentally, this whole field 
being practically unstudied as yet by experimental method. 


xX. THE INHERITANCE OF MUSICAL TALENT 


The inheritance of musical talent has been investigated 
by Copp and by Stanton. The latter has made measure- 
ments of specific musical capacities in relatives of musicians, 
using Seashore’s tests. This is the beginning of adequate 
study of the inheritance of musical talent, as the method, 
though laborious, is correct. 

Four of the Seashore measures of musical talent were given 
to eighty-five members of six unrelated family groups, start- 
ing in each group with a person conspicuously known as a 
musician. These measurements were supplemented by a set 
questionnaire, covering musical endowment, musical education 
and training, musical activity, musical appreciation, musical 
memory and imagination, the questionnaire including a 
larger number of relatives. 

From these data, a study was made of the tendency of 
offspring to be musical or unmusical, in accordance with 
parentage and more remote ancestry. The results show 
that musical talent is inherited, and the investigator believes 
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it not improbable that the formula of inheritance may be 
Mendelian. Much wider research would, however, be avow- 
edly necessary, in order to establish the formula. It may or 
may not be Mendelian. 

The offspring of a mating of musical with unmusical, of 
musical with musical, or of unmusical with unmusical, may 
thus inherit from either parent or from both parents, and 
apparently without regard to sex. Sex differences do not 
appear, either, in any of the tests of musical sensitivity, 
which have been standardized. 


XI. PSYCHOGRAPHIC STUDY OF INDIVIDUALS 


In order to illustrate concretely the way in which musical 
talent may or may not accompany other mental capacities, 
a few psychographic studies of individuals are presented, as 
follows. 

The first is the psychograph of a girl, whom we may call 
G, aged 14 years. It shows her status in percentile ratings, 
on various mental and motor tests. G is of average, or 
typical, general intelligence, with superior rating in musical 
capacity, and in drawing. 

G was brought for mental tests because she did poorly 
in the school where she was attending, receiving good marks 
in music and drawing only. The difficulty in keeping up 
to grade in general was readily explained, when the facts of 
school history were elicited. G was in a very exclusive 
private school, where the median IQ of the pupils is about 120, 
instead of roo as among unselected pupils. This child, on 
account of the social status and educational traditions of 
her father’s family, had been competing all her school life 
in a highly selected group of children, and was now consid- 
ered dull by teachers, by parents, and by herself. All were 
astounded to learn of G’s average intellectual capacity. 
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It may be remarked in passing that this is the school history 
of many an average child, born into a group where the family 
median is above the average. The problems of the son of an 
eminent man, who fails to inherit superior endowment and is 
but average in capacity, are especially acute, for he is usually 
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(Percentile values for speed in tapping, and strength of grip have been approximated by 
estimate.) 

expected to undertake tasks for which he is unqualified by 
original nature. The miseries of a boy of average ability, 
expected from babyhood to pass through Harvard or Yale, 
the distresses of a girl of ordinary intelligence, destined openly 
from childhood for a college of very high standards, are 
peculiarly poignant to the person who sees human nature 
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in the light of all the facts which we have been recounting. 
The case of G, and scores of others like it in this respect, 
should lead parents to a policy of reticence concerning their 
expectations of their children, until it is certain that these ex- 
pectations have a chance of being realized. Fortunately, the 
great majority of children of very successful parents never 
have a problem of this kind, because of the tendency to se- 
lective mating and the laws of heredity. Most of the chil- 
dren of gifted parents are themselves sufficiently gifted to 
perform the expected tasks as a matter of course. Not all 
children of gifted fathers are, however, gifted, because other 
ancestors, some of whom may be but average persons, are 
likely to contribute to the mental status of the child. Yet 
according to the customs of our country, it is usually the abil- 
ity of the father that determines the social milieu and the 
educational tradition to which the children are subject. Thus, 
the son of a corporation lawyer, who has inherited the intelli- 
gence of a stupid but handsome grandmother and the edu- 
cational traditions of a brilliant father, is in a sorry plight, 
unless the facts of human nature are expertly and sympa- 
thetically understood in his family. 

In the case of G, the special talents in drawing and music, 
combined with average intellectual ability, made it possible 
to suggest very satisfactory adjustments. The idea of col- 
lege was abandoned, and plans were made to pursue educa- 
tion in art and music, which had already been undertaken in 
a limited way, with excellent success. From the point of 
view of heredity, it is interesting to know that one of G’s 
grandfathers, a chemist by profession, played a church organ 
every Sabbath as a recreation, and spent leisure hours making 
drawings, many of which are still kept as ornaments. 

The psychograph of M shows special defect in musical 
capacity, combined with very superior general intelligence. 
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M, a schoolboy, was recently brought for mental tests at the 
age of 10 years, because of disagreement among his teachers 
as to his mental ability. The regular classroom teacher be- 
lieved M should be given a double promotion because of his 
brilliant work in reading, arithmetic, and elementary science. 


Percentiles so ee 


MS ONIBOTATICE Bas Ore ae re eek ee fe ee 


MusIcaL SENSITIVITY 


LCOS? fo Ye) op et 


Drawing (opinion of judges)_______________ 


Grip in band = on. 


a ryt eee ee ee eee ee A 


Comprehension in Reading____________----- 


Generaliintellisence a 
(Stanford-Binet. Alpha) 


erence se. = eee ee a 
Fic. 26. — Psychograph of M, showing special defect in music, combined with very 


superior general intelligence. 
The teacher of music held that he should repeat the work of 
the grade in which he then was, as an utter failure from her 
point of view. The shop teacher took a mid-way position, 
saying that his work seemed fair, and warranted promotion, 
but no more, to the grade above, in due order. 

M’s psychograph explains the differences of opinion thus 
expressed by teachers. It is seen that in intellect he ranks 
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well up in the top percentile of all children born, while in 
musical capacities he ranks in the lower percentiles. The 
difficulties in shop work arose from the fact that M is left- 
handed, and was at that time being trained into right-hand- 
edness by the teachers. This made him awkward in shop 
work, which he cordially detested. : 

M’s IQ is 151, which accounts for his superiority in reading, 
science, and arithmetic. He will not be able to learn music, 
‘or to appreciate it, and to deprive him of his double promotion 
on this account seems contrary to his best interests. 


XII. CAPACITY TO APPRECIATE MUSIC 


Though it is probably true that those who can produce 
good music usually appreciate music also, the reverse need 
not be true. There are many who are sensitive to music 
and are greatly satisfied by it, who have not the ability to 
become musicians. 

Music as taught in the schools is concerned chiefly with 
learning to sing. It would seem that some time might pro- 
fitably be devoted to hearing good music, and learning to 
form preferences. 

The keen satisfaction which comes to the extremely sen- 
sitive has been expressed by some of them in words. Schu- 
mann said of another musician, ‘‘He who has once heard 
Henselt can never forget his playing; these pieces still haunt 
my memory like the recollection of a parterre of flowers.” 
And again, “The veiled enjoyment of music which one does 
not hear, has something magical in it.” Berlioz has given 
us this glimpse of his delight: “Last night I dreamt of music, 
this morning I recalled it all and fell into one of those supernal 
ecstasies. . . . Believe me, dear friend, the being who could 


write such miracles of transcendant melody would be more 
than mortal.” 
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Stanton questioned the talented and untalented relatives 
of musicians as to the réle played by music in their daily 
lives. Many showing superior talent reported that music 
in some form seemed vital to their program of living. It 
was referred to by them as “‘a daily relaxation from business,” 
“a great source of courage, a spiritual tonic,” and as “abso- 
lutely paramount.” One person used the word “hunger,” 
in describing the longing which ensued upon being deprived 
of music. There may be people capable of such satisfaction 
in music, that they would choose between bread and music, 
if hard put to it, not without a struggle. 
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CHAPTER IX 
MISCELLANEOUS 
I. SPECIAL FUNCTIONS WHICH HAVE NOT BEEN LONG STUDIED 


THERE are various mental functions which are now thought 
to be largely special, which have not yet been studied suffi- 
ciently to warrant extended discussion of each, yet which 
merit notice as such if for no other reason than that attention 
should be directed to the desirability of studying their place 
in intellectual organization. Some of these, like chess-play- 
ing, will not be discussed here, as they are at present but 
remotely connected with prescribed education. We shall, 
therefore, comment upon but some of these, giving such 
facts and theories as are available in the case of each. 


Il. LEFT-HANDEDNESS 


The hand is rated by students of the history of civilization 
as one of the most important determinants of man’s rise 
from savagery. The loss of even a finger is a handicap rec- 
ognized in such times of stress, as when men are drafted 
for war. With the great majority of people, the two hands 
are unequal in strength and accuracy, the right being the 
major member. With a small minority of children there is, 
however, a predisposition to use the left hand, instead of the 
right hand, as the major member. This is a special condition 
which must be taken into account by educators. 

According to different investigators, the proportion of 


left-handed children ranges from 2 to 6 per cent. The dis- 
183 


184 SPECIAL TALENTS AND DEFECTS 


agreements arise from the variety of criteria used and of 
populations sampled. The median figure of 4 per cent 
seems, for several reasons most probable, as the general 
proportion of left-handedness. 

Many theories as to the origin of handedness have been 
formulated. It has been argued that handedness is not in- 
nate, but acquired from the mother’s habitual method of 
carrying the infant on one arm rather than on the other, so 
that one of its arms is pinioned against the mother habitually, 
and gets comparatively little exercise. The theory has been 
advanced that since the heart is the most vital organ of the 
body, and is located on the left side, the shield to protect it 
was held by the left hand, permitting the right hand to at- 
tain greater dexterity with the spear, the advantage thus ac- 
quired being transmitted to offspring. Also, it has been 
proposed that the center of gravity of the viscera, the posi- 
tion of the subclavian arteries, cerebral asymmetry, and 
greater blood supply to one cerebral hemisphere may be, 
respectively, the origin of handedness. All of these theories 
are unsatisfactory, for reasons which have been well stated 
by the original investigators. There remains to be consid- 
ered the proposal that handedness is determined by ocular 
dominance. The right eye is the better seeing eye in about 
96 per cent of people. As vision develops long before muscu- 
lar coérdination in the infant, the proposal is that the hand is 
brought to codperate with the dominant eye. The disproof 
of this theory is that among the congenitally blind the propor- 
tion of right-handed to left-handed is not materially different 
from that among seeing persons. 

The origin of handedness is, therefore, not understood, 
and it is not known why about 4 per cent of the population 
should show dominance of the left hand. It must be con- 
sidered that handedness is of many degrees, from extreme 
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right-handedness, through ambidexterity, to extreme left- 
handedness. All right-handed persons are not equally 
right-handed, and all left-handed persons are not equally 
left-handed. 

Trustworthy studies of the heredity of handedness indi- 
cate that it is inherited. Ramaley studied 610 parents and 
1130 children, and arrived at the conclusion that left-handed- 
ness is inherited (as a Mendelian recessive), and is potential 
in about one-sixth of the population. 

It is obvious that modern appliances are adapted to the 
right-handed, and that right-handedness is regarded generally 
as “the way to be.’”’ Teachers and parents feel it their duty 
to compel the child to use the right hand. 

Studies of left-handed children who have been “changed 
over” through education or accident to the right hand, and 
of right-handed children changed over through accident to 
the left hand, lead to the conclusion that among them there 
is more nervousness and a greater number of speech defects 
than would be allowed by the usual course of events. Stam- 
mering is evidently a complication in some cases of modified 
handedness. The physiology of this connection is obscure. 
In view of the fact that speech defects occur to so great an 
extent in ‘‘ changing over,” and that we do not know the phys- 
iology of handedness, it seems by all means wisest not to 
try to modify handedness where it is very pronounced. A 
very right-handed person, fortunate in being with the ma- 
jority, may, by using for a week his left hand instead of his 
right, get an idea of what is suffered by a very left-handed 
child being compelled to use the right hand. 

It has been reported that there is an undue proportion of 
left-handed persons among criminals, mental defectives, and 
the insane. These reports require careful verification. Crim- 
inals, mental defectives, and the insane have been much 
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more carefully scrutinized than have the superior in intellect 
and character, or even than the average population. The 
present writer has, during recent surveys, noticed left-handed 
performance repeatedly in very gifted children, but has not 
computed the proportion. Until further scrutinies have been 
made, it cannot be said positively that left-handedness is 
correlated with organic inferiority. 

Perfectly satisfactory tests of handedness have not yet 
been agreed upon. Jones proposed some years ago to measure 
congenital handedness by means of a brachiometer. This 
is an instrument for measuring the bones of the forearm, 
and by its use Jones hoped to detect handedness “at the mo- 
ment of birth”’ as well as on any subsequent day of life. These 
hopes have not been realized in the findings of others who have 
given the method fair trial, as Beeley did. Tapping, with 
the wrist movement, tapping with fingers, tracing, sponta- 
neous rubbing, throwing and picking up, winding, and cutting 
with scissors are the most promising among tests so far tried 
out, to discover whether a child is congenitally left-handed. 
Gripping, as with the dynamometer, does not seem to cor- 
relate so well with known facts; as do the other tests of 
movement. 

Left-handedness as an element in individuality becomes 
conspicuous in school procedure especially in writing, draw- 
ing, shop work, or any work where the hand is an important 
factor in the performance. It may become conspicuous in 
vocational endeavor, either as an asset or a handicap. In 
a few kinds of performance, such as baseball or tennis, left- 
handedness gives an advantage, all other things being equal. 
In most professional pursuits (with the possible exception 
of dentistry and surgery because of manufactured appliances) 
left-handedness is a matter of indifference. In work with 
machines left-handedness is likely to be a handicap, because 
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machines are “right-handed.” Even scissors, eggbeaters, 
typewriters, and other common appliances of office and home 
are “right-handed.” 

Left-handedness as a handicap in the absence of rational 
consideration of it, is illustrated in an extreme fashion by 
the case of a young pickpocket, remanded for mental exami- 
nation upon second offense. This boy was of average general 
intelligence, extremely left-handed, and a stammerer. He 
had left school as soon as the law allowed, with a record of 
chronic truancy behind him. He explained that he had 
always “‘hated school,’ because the teachers tried to make 
him right-handed, and because he was so ashamed of his 
stammering. Obtaining his working papers, he had first 
tried factory work, but the machines were all right-handed. 
He had then taken “a job” as an office boy, but he had to 
abandon that because he could not adequately answer the 
telephone, or converse with those who questioned him. Being 
“fired,” he found a place as packer of china in a department 
store, but had a fight with a fellow worker, who mimicked 
him, and was dismissed. Soon thereafter, needing money, he 
saw an opportunity to abstract a purse from a convenient 
pocket, and did so. The success of this venture led to others 
like it, until he was apprehended and sent to the reformatory. 
Having served his time, he came out with this record added 
to his original difficulties, and drifted again into picking 
pockets. 

The history of this boy shows the adaptation to social en- 
vironment of an organism struggling by trial and error meth- 
ods, without rational guidance. A left-handed man can pick 
pockets as well as anyone else (perhaps better), and speech 
defect is here no hindrance, since perfect silence is observed 
in such pursuits. 

This boy might have had a very different career if school 
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and society had given a different kind of consideration to 
his individuality. 


III. MIRROR WRITING , 


A certain number of children, variously estimated, write 
backwards, beginning at the right of the page. This is called 
“mirror writing,” and is apparently a function of left-handed- 
ness. Baldwin’s description is succint. 

“Mirror writing is the form of inscription which arises from 
tracing words with the left hand by an exact reduplication 
of the movements of the right hand, in a symmetrical way from 
the central point in front of the body, out toward the left. 
It produces a form of reversed writing which cannot be read 
until it is seen in a mirror. Many left-handed children tend 
to write in this way. Some adults, on taking a pen to write 
with the left hand, find they can write only in this way. 
Even those, like myself, to whom the movements seem, when - 
thought of in visual terms, quite confusing and impossible, 
yet find when they try to write with both hands together, 
in the air, from a central point right and left, that the left 
hand mirror writing movements are very natural and easy.” 

Beeley conducted a survey, by questionnaire addressed 
to teachers, of the prevalence of mirror writers in the elemen- 
tary schools of Chicago. He thus found one mirror writer 
to every 2500 children. Gordon by actual tests of writing 
found a larger proportion of mirror writers, about one-half 
of one per cent. Among feeble-minded children in special 
schools the percentage appears to be much greater, in fact, 
about seventeen times as great, according to Gordon’s findings. 

All investigators agree that mirror writers are almost al- 
ways left-handed by test, though the writing may be done 
with the left hand, or with the right. As to the hand used 
in producing the writing there is disagreement among inves- 
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tigators. Gordon found that “the mirror writers were nearly 
always left-handed children who wrote with the right hand.” 
Beeley says: “All of the mirror writers write mirror-wise 
with the left hand. The only instances of right-hand mir- 
ror writing found were a few upper-grade pupils who having 
seen this kind of writing naturally executed by mirror writers, 
attempted to imitate the same.” 

The origin of mirror writing is not fully explained as yet. 
It is probably the natural mode for left-handed persons, 
as attempts to write with both hands indicate. Yet not 
all left-handed persons acquire this habit. Obviously the 
mirror writer is not corrected in his fault by notice of the 


Fic. 27. — Showing mirror writing by public school pupils. (From Beeley’s An 
Experimental Study of Left-Handedness. Reproduced by courtesy of the University of 
Chicago Press.) 


discrepancies between the visual and the motor. It may be 
that those left-handed children who become mirror writers 
are usually deficient in visual perception of letters or words, 
or generally deficient. That there are, however, bright chil- 
dren who form this habit is shown by the surveys made. 

Samples of mirror writing by school children are shown in 
Figure 27. In order to correct the difficulty, visual control 
of movement must be cultivated. Attempts to correct by 
changing over to the right hand are injudicious, for the rea- 
sons cited under the discussion of left-handedness. 

In securing the control of visual perception and imagery, 
it is well to have the child write slowly and carefully from 
a copy, not being allowed for some time to write spontaneously. 
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At first, particularly, the teacher may guide the child’s hands 
and urge him to notice in detail how another writes. Of 
course, the best educational treatment is that which never 
permits the development of the habit in the first place. This 
could be accomplished by careful watching of all left-handed 
children, at the very beginning of their attempts to learn to 
write. As each letter and figure is taught for the first time, 
the child whose natural impulse is to reverse it could be made 
conscious of his error, and could be drilled in the coérdina- 
tions of hand and eye which produce the correct response. 
In the very large beginners’ classes which are customary in 
the public schools, such careful attention to the needs of in- 
dividuals is here, as in other respects, difficult to give. 


IV. MECHANICAL ABILITY 


In 1915 Stenquist, Thorndike, and Trabue, working with 
dependent children in a county of New York State, used 
tests of various mental functions, including a test of ability 
to put simple mechanisms together. These correlations 
showed that whereas tests of ability to handle language and 
tests of general intelligence (Binet-Simon) gave positive co- 
efficients as high as .go, the test of mechanical ability yielded 
a coefficient much lower, when correlated with these. They 
therefore suggested that mechanical ingenuity might be a 
relatively specialized form of capacity, not reliably predict- 
able from knowledge of general intelligence. 

Subsequently, one of these investigators, Stenquist, made 
extended tests, and standardized a measuring scale to gauge 
mechanical ability. Measuring individuals for general in- 
telligence and for mechanical ability, a positive coefficient 
of correlation amounting to about .4o is ordinarily obtained. 
This relationship is obviously not close. Ability to put 
mechanisms together is not reliably predictable from status 
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in general intelligence. The chances are, however, that a 
pupil who is superior in general intelligence will score 
higher in mechanical ability, than a generally stupid 
pupil will score. There is no negative or compensatory re- 
lation between the two functions, as is sometimes assumed. 

Wider studies, including tests of learning mechanical pro- 
cesses, will give further light upon the extent to which ability 
to deal with concrete mechanisms coheres with general in- 
telligence, and to what extent comprehension of mechanical 
principles is so correlated. It may be that the correlation 
between performances in Stenquist’s tests and in tests like 
those used to measure general intelligence is reduced through 
factors like selective attention operating over a period of 
years. It may be that the relatively unintelligent become 
relatively more proficient in concrete acts, like assembling 
a bicycle bell or putting a lock together, because they have 
not the degree of intelligence that would enable them to 
prefer reading as an activity. Thus when 40 fifteen-year- 
old boys, 20 of whom have IQ’s (Stanford-Binet) from 
150 to 170, and 20 of whom have IQ’s from go to 100, 
are faced with a series of tasks similar to those mentioned 
above, those of lower IQ might conceivably produce a record 
equal to or surpassing that of the first group, because their 
ability had enabled them to practice only tasks at a com- 
paratively low level of general capacity. With an equal 
amount of attention to these matters, not previously of much 
interest to them, the boys of 150 to 170 IQ might surpass 
their competitors greatly. In a test of cake-baking, a hun- 
dred housewives, selected at random on a given date, will 
surpass the hundred most eminent men of science; but not 
after both groups have attended to the matter for an equal 
length of time. 

The tests of mechanical ability do not as yet eliminate the 


IQ2 SPECIAL TALENTS AND DEFECTS 


influence of mechanical interest upon the outcome of the test. 
Extremely high intelligence may well be relatively little 
interested in concrete materials and processes, preferring 
to manipulate ideas. Thus on a given date lower intelli- 
gence, long acting on that level, may surpass. Yet the higher 
IQ may really be capable under incentive, of surpassing in 
work with things as well as in work with ideas. Tests of 
learning mechanical processes would, therefore, be a most valu- 
able supplement to what has already been done in this field. 

Great inventors of mechanical devices are probably, as a 
group, very far above the average in general intelligence. 
This statement cannot be made with positive certainty, as 
the general intelligence of a large number of inventors has 
never been measured. It rests only on deduction from the 
fact that invention evidently calls for a high degree of se- 
lective thinking, and of interest in problem situations. Even 
“invention by accident”’ which may occasionally occur, calls 
for a high degree of ability to ‘‘notice’’ a new element in the 
familiar situation, in relation to other elements. 


V. ABILITY TO LEAD AND HANDLE PEOPLE 


It has been suggested that executive ability, in the sense 
of ability to deal effectively with human relationships, is 
specialized; that it is not closely correlated with IQ. Very 
few quantitative studies of the matter have been undertaken, 
largely because of the lack of means to gauge objectively 
“ability to handle people.’ It is true that there exist persons 
whose ability to deal effectively with human relationships 
has stood the test of life — executives in professional bodies, 
in business, and in government. These persons have not, 
however, been subjected to mental examination. Their time 
is so valuable that investigators perhaps hesitate to encroach 
upon it. Even if this could be done, we should nevertheless 
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lack proper data for correlational study. We should also 
need to know how many persons of an equal degree of intel- 
ligence had fatled to succeed as executives. This would be 
difficult to discover. 

Terman has given us a few facts, from his studies of su- 
perior children, which tend to indicate the relation between 
leadership and intelligence, in childhood. According to 
teachers’ judgments of leadership, children of over 120 IQ 
are much oftener leaders than children of less intelligence 
are, and they are usually well liked by other children, even 
when not designated as leaders. Very few children over 120 
IQ are judged by teachers to be “unpopular.” 

From observations of the frequency with which children 
of high IQ are leaders of other children, the present writer 
suspects that there is an optimum range of IQ, within which 
popular leadership is extremely frequent, but above which 
it is very improbable. The optimum range for leadership 
appears to fall between 110 and 130, when the total group 
has a median IQ of 100. Children of IQ over 160 seem to 
have little chance of leading their fellow children, when the 
median IQ of the groupis 100. Children of IQ over 180 have 
almost no chance, in the observations of the present writer, 
to be popular leaders. Of the four New York children, pre- 
viously mentioned in other chapters, measuring over 180 IQ 
(Stanford-Binet), only one is an organizer of fellow children, 
being designated by her teachers as “‘the most popular child 
in the school.” This child functions as leader of a group of 
highly selected children, with a median IQ of near 120. Ina 
group of unselected children she probably could not achieve 
leadership, although highly endowed with physical and tem- 
peramental traits which favor leadership. 

Why should too much intelligence militate against the 
achievement of popular leadership? It is clear that in order 
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to organize and lead others, the individual must comprehend 
and share the interests of those led, and must in turn be under- 
stood by them. He must not consider their pursuits to be 
fatuous and without substance. They must not regard his 
interests as eccentric and unfathomable. Also, he must not 
experience too keenly the impact of the conflicting conations 
of those about him. ‘To perceive and to experience too sharply 
the disappointments, misdeeds, punishments, and aspirations 
of others tend to disqualify for executive leadership. 

The child of IQ over 160 tends to fall above the optimum 
range for leadership, for all of these reasons, in groups of un- 
selected children. He is not interested in mumble-the-peg. 
They are not interested in the solar system. His interests 
are those of persons far beyond his age and size. But they 
will not accept his leadership because he does not “‘look like” 
a fitting captain for them. Thus only in very highly selected 
groups can such a child achieve leadership, that is, in groups 
which approximate his own IQ. 

Too much intelligence thus tends to disqualify for execu- 
tive leadership. The most intelligent persons born will 
usually be found leading only highly selected groups. Too 
little intelligence also undoubtedly tends to disqualify. It 
will be a nice problem to determine experimentally just what 
may be the optimum range of IQ for leadership of typical 
persons. Correlation is, of course, reduced by the various 
influences which we have been discussing. ‘Social intelli- 
gence” is in all probability not a specialized capacity, but 
merely an optimum section of the general intelligence curve 
(determined by ratio to the median intelligence of the led), 
combined with certain amounts of physical and temperamen- 
tal traits. 

These temperamental and physical traits are extremely 
important. The flighty, the unenthusiastic, the shy, the 
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overbearing, the ungenerous, the irritable are not well fitted 
to organize and lead, even when their intelligence is optimum. 
Likewise, the small, the commonplace in coloring, the un- 
distinguished in features, the ill-kempt, the shrill of voice, 
are handicapped by their physical characteristics. The ex- 
ecutive leader is he who combines optimum intelligence with 
enthusiasm, generosity, cheerfulness, and other favorable 
temperamental traits in the optimum degree, and who is 
large, forceful in manner and voice, and distinguished in con- 
tour and coloring. Facility in handling people and getting 
their allegiance, is due, therefore, to total personality, mental 
and physical, of which intellect is but one determinant. Cor- 
relations between executive ability and general intelligence will 
thus be greatly reduced from unity, because temperament 
and physique are far from perfectly correlated with general 
intelligence. 


REFERENCES 


BreeLey, A. L.— An Experimental Study of Left-Handedness; Uni- 
versity of Chicago Press, 1918. 

Downey, J. E.— “On the Reading and Writing of Mirror Script”’; 
Psychological Review, 1914. 

Gorpon, H.— “Left-Handedness and Mirror Writing, Especially 
among Defective Children”; Brain, 1921. 

Gowin, E. B.— The Executive and His Control of Men; The Mac- 
millan Co., New York, rors. 

STENQUIST, J. L. — Stenquist Assembling Tests of General Mechanical 
Ability; Board of Education, New York, 1921. 

Taussic, F. W.— Inventors and Money Makers; The Macmillan 
Co., New York, 1895. 

THORNDIKE, E. L.— “Intelligence and Its Uses”; Harper’s Maga- 
Z1Ne, 1920. 


- 


CHAPTER X 
INDIVIDUALITY AND EDUCATION 


I. THE VALUES OF INDIVIDUALITY 


Ir we try to imagine what the world would be like if there 
were absolute uniformity among human beings, we realize 
anew the precious worth of individuality. It is marvelous 
that each one of us is unique. In all the generations there 
has never been another just like anyone, and there will 
never be exactly his like again. Each is, strictly speaking, 
irreplaceable. 

By this inexhaustible diversity of mind and body life is 
faceted, and gives off sparkle instead of dullness. So far 
from being irritated by the idiosyncracies of our fellows, we 
ought to cherish their variety as a thing that makes life worth 
living. Instead of striving to force all children to learn the 
same things, at the same time, in the same way, because that 
would be cheap and convenient, we ought to foster individuai- 
ity in its socially valuable aspects, so that the charm of human 
contact may be increased. To the connoisseur of human 
nature, the suggestion that all children be reduced to similar- 
ity is as dreadful as the suggestion to the connoisseur of art 
that all pictures and intaglios be turned out identical, by 
a uniform factory process. 

Nor is the value of individuality limited to the esthetics of 
personality, and to social intercourse. The economic pe- 
culiarities of the world, as we have it, permit the exercise of 
abilities in great variety. Organized society needs and will 
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sand on a carrier, and be satisfied thereby, to that of the man 
who can with satisfaction work out a new theory of inflam- 
mation, or construct a drama to interpret existence anew. 

Failure to know the facts concerning the distribution of 
mental traits, the organization of intellect, and the laws of 
heredity and variation, leads to much wasted effort on the 
part of all who deal by profession with people. The most 
frequent error is that of demanding that others adopt one’s 
own religious beliefs, standard of living, reaction time, or 
politics — usually with the idea that they will be greatly 
benefited thereby. Another common error of theory is that 
general happiness would be increased if some force could be 
established great enough to hold all down to the same plane of 
work, leisure, and reward. In education it has been assumed 
that justice would be well served by prescribing the same 
curriculum, at the same rate, at the same time, for every child. 

If the uniformity of thought and action, to which these 
theories and practices tend, could be secured, the result 
would be deadening. Such uniformity cannot, however, be 
achieved, because of the biological forces of heredity and 
variation. The formule governing the interplay of these 
forces are little known, and they therefore lie outside of 
human control. 

Many thinkers believe that nothing would be lost and 
much be gained for human welfare, by cutting off the variants 
who fall low in intellect and stability, and by increasing the 
number of those who fall highest, on the curve of distribution. 
However, it is possible to take, and perhaps to defend, the 
view that this would be meddlesome rather than helpful. 
Civilization becomes complex through the discoveries and 
inventions of superior deviates. It was they who invented 
wheel and lever, clock and calendar, court and statute book. 
They discovered the use of electricity, gravity, and steam. 
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When moral life and industrial life become very complicated, 
great numbers of men are unable to meet the situations de- 
vised, and perish mentally, morally, and physically. Law 
may become so intricate that only the steadiest can suffer 
its restrictions. Mechanical and chemical contrivances may 
grow so numerous and complex that typical human nature 
cannot cope with them. Would it be better, then, to end 
invention at its source, by eliminating superior deviates? 
Or would mankind thereby lose other gifts, wholly benign 
for all, which only the superior deviate can bestow? In the 
absence of the highly-endowed, would there not be a return 
to barbarism? And, if so, would the greatest good of the 
greatest number be thus promoted? Or should the welfare 
of the majority give way as a social ideal to the welfare of 
the best — the most capable, the most upright, the most 
enduring? Is it possible to evolve a social order in which 
the greatest good of all can be well served, since biological 
inequalities are so very great? ‘These are questions for 
social and educational philosophy. 

Men of science labor to acquire the knowledge that would 
give power to alter, at will, the shape of the curve of distri- 
bution for mental capacities. Such knowledge might work 
more changes in the world than have been wrought by knowl- 
edge of chemical formule or of electricity, but its right use 
would call for a wisdom and philosophical foresight which 
men at present probably do not have. The conditions and 
the theories that confront us in education call on us at present, 
as a matter of fact, to provide for the whole enormous range 
of capacities, general and special. 


II. COMPULSORY EDUCATION 


It is useful to recall that for centuries after mankind reached 
a point where prolonged formal education was available, 
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attendance upon instruction was voluntary. Those who 
wished to learn what could be taught of the arts and sciences, 
hired tutors. It is true that the pubic ceremonies may, per- 
haps, be considered to have represented compulsory educa- 
tion, even in primitive times. However, education in the 
sense of several years of devotion to learning what men have 
previously done, thought, and devised, was formerly a pri- 
vate matter. The educated, who could communicate by 
writing, calculate in large numbers, see the present to some 
extent in the light of the past, and engage in even more compli- 
cated intellectual work, formed a small and highly selected 
group. They were individuals who loved learning, and 
their median IQ was doubtless far above roo. 

As the white peoples of the earth, in parts of Europe and 
America, accumulated wealth, and more and more of those 
who cared to do so could buy education, political power be- 
gan to be decentralized. Generous men of high intelligence 
conceived the idea that government should be representative. 
Political democracy with manhood suffrage was established 
in the United States. It was then seen that political de- 
mocracy cannot be sustained on the basis of private edu- 
cation, and public money was appropriated to establish 
public schools. 

Merely to establish free schools did not, however, solve 
the problem of education for a democracy. The leaders of 
thought and action found that not only must opportunity be 
provided, but many must be forced to take advantage of it. 
Compulsory education laws were therefore passed in many of 
our states, and they stand upon their statute books to-day. 
Truant officers became a part of the regular school staff, 
their. _duty being to apprehend all children between statu- 
tory ages, and bring them forcibly to school. The City of 
New York, for instance, now supports 308 truant officers, 
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who are constantly kept busy by future citizens who wish 
to avoid education. 

Why do they wish to avoid education? The reasons are 
various. Some of them avoid school because they have not 
enough clothing to wear; some because their parents need 
their earnings; some because they are ill; some because 
they are temperamentally unsuited to school discipline. The 
most important single cause of truancy is, however, that the 
curriculum does not provide for individual differences. 

The curriculum upon which all children are now required 
by law to attend, is that which was formulated when only 
a few selected children were educated. Our schools are 
reading schools, and they teach abstract subject matter to 
a very great extent, much of which has no tangible relation 
to the life of many children. Children of IQ over 120 take 
pleasure in the abstract subject matter of grammar, mathe- 
matics, geography, and history. Children of IQ under 80 
are made miserable thereby. 

Not only is the curriculum not adapted to individual differ- 
ences in general intelligence, but it is far less adapted to indi- 
vidual differences in special defects and aptitudes. The child 
who can never learn to sing is compelled nevertheless to pursue 
singing, even after school hours. The child who cannot learn 
reading by the method generally used is still treated by that 
method and no other. The schools were established with an 
undifferentiated curriculum, which they have tried to force up- 
on intellects of an enormous range of diversity. Their purpose, 
so benign, has resulted in extraordinary cruelties and wastes. 


III. THE IMPORTANCE OF GENERAL INTELLIGENCE FOR SCHOOL 
PROGRESS 


If we examine mentally the large numbers of retardates 
in any public school where attendance is compulsory, we find 
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that by far the majority of them are inferior in general in- 
telligence. A child of superior general intelligence (IQ) is 
seldom found among retardates. Of children of 120 IQ and 
over, Terman reports that they are almost invariably at 
least up to grade. Whatever the vicissitudes of fate — ill- 
ness, absence, special disability — a child of superior general 
capacity manages to hold his own, at least. 

It is not true, however, that the superior child is allowed, 
under the undifferentiated curriculum, to make full use of 
his power. He is compelled to slow down to the typical prog- 
ress of his group, and to use only a portion of his capacity 
for learning. It is rare to find a superior child who is doing 
“a full day’s work” in school, because the tasks assigned do 
not call for maximum effort. Superior children could easily 
do much more than is allowed. 

General intelligence is, then, the single most important 
factor for school progress. The same may be said of progress 
in vocational careers. The life success of a human being 
may be said to depend upon general intelligence, character, 
health, and opportunity (including the factor of sex). If 
any of these factors is reduced to zero, so that the individual 
is totally lacking in intelligence, character, health, or oppor- 
tunity there can be no achievement. The order of impor- 
tance of the various factors is probably that in which they have 
been mentioned, with general intelligence certainly at the top 
of the list. Intelligence may create character, opportunity, 
and even health, but none of these can create intelligence. 


IV. SPECIAL ABILITIES AND DISABILITIES AS DETERMINANTS 
OF SCHOOL PROGRESS 


As before stated in these pages, no census has ever been 
takeh of special aptitudes and defects, in the functions which 
we have been discussing, and which are important for prog- 
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ress through the elementary school. No one can tell whether 
any have been advanced on the basis of a special gift. No 
one can say how many children are retarded, because of a 
specialized disability, though we know from reports rendered, 
that some pupils become retarded in school status through 
special failure in one or two respects. 

The children described under the topics of special retarda- 
tion in reading and in arithmetic, in this volume, are illus- 
trative of the way in which specialized defect contributes to 
retardation in school status. Without passable mastery of 
these ‘‘tool”? subjects a child cannot proceed through the 
elementary school. His progress is halted, much as it would 
be if he were deficient in general intelligence. 

It is quite possible, on the other hand, that children may 
be occasionally overrated as to intellect by teachers, who are 
deceived by conspicuous talent in a special function. Coy, 
who studied for two years a class of highly intelligent children 
in Columbus, has given an account of a boy who was thus 
overrated. When the children were being selected for the 
special class described, this boy was sent by his teacher to 
join the group. She considered that he must be “very 
bright,” “since he could draw cartoons, play the ukelele, and 
sing.” He was said by the art teacher to have more ability 
than any other child in the building. He was retained in 
the special class by the investigator, but he was not able to 
do good work there. His IQ on three annual testings stood 
as 114, 119, and 120. (The other children in the group pos- 
sessed general intelligence clustering about an IQ of approxi- 
mately 135.) This boy surpassed the others in music, acting, 
and drawing, but “his ability to reason was far below the 
class level,” and he could not compete successfully in general 
intellectual work. His teachers had been misled by his special 
gifts to recommend him as a child of surpassing intellect. 
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V. EXPERIMENTAL ATTEMPTS TO INDIVIDUALIZE EDUCATION 


Official administrative recognition of individual differences 
among public school pupils began with the extremely stupid, 
whom we call feeble-minded. This was natural, because 
the feeble-minded are incapable of even approximately nor- 
mal progress, and this, added to their tendency to become 
disciplinary problems, renders them an intolerable burden 
to teachers in the regular grades. 

As long ago as 1872 we find that attention was called to 
the “pedagogical misfits,’ in proceedings at professional 
teachers’ meetings in the United States. By 1890 the city 
of Cleveland had established two special classes for children 
presenting particular difficulties of discipline. Special classes 
for extremely dull children (the feeble-minded) have passed 
the stage of experiment. They are now an accepted part of 
the school system of many cities in this country, and a few 
state departments of education have undertaken to establish 
such special classes for districts not so favorably situated as 
cities are. The relative money cost of thus educating the 
most stupid children produced in our population is great, and 
the returns upon the investment are uncertain. We need 
careful studies of the cost of educating the dull, as compared 
with the cost of educating the superior, in the light of the 
returns from education, both to the public and to the individ- 
uals taught. The complexity of such study calls for much 
patience and ingenuity. 

Special classes for children of very superior general intel- 
ligence, who are as far above the average as the feeble-minded 
are below, are at present much discussed by American educa- 
tors. Such classes have actually been established in a few 
school systems. These are still considered to be experimental, 
but it surely will not be very long before official adminis- 
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trative recognition will be widely given to the needs of pupils 
whose natural rate of progress is over twice as rapid as that 
of the average child. Abroad, Germany has already under- 
taken education for gifted children as a special project of the 
public schools, in recognition, no doubt, of the extent to which 
national rehabilitation will be dependent on the training of 
the able. Contrary to pre-war policy, German educators 
are now seeking, by the method of mental tests, for superior 
mental endowment regardless of social-economic status, and 
even to some extent regardless of sex. 

In general it is true that the provisions in the United States 
are for deviates so extreme in all capacities that their mal- 
adjustment to typical procedure creates a troublesome school 
problem on the one hand, and on the other a burden to the 
conscience of those who administer education. Classroom 
teachers demand that special attention be given to those 
who are chronically unpromotable and out of order, while 
educational psychologists insist upon the waste of ability 
that ensues from allowing gifted children to idle through the 
curriculum. For deviates of less degree there is not much 
provision. A few cities, of which Oakland, California, may 
be mentioned as an outstanding example, have adopted a 
three-rates-of-progress system, in which the children of typi- 
cal ability (the great majority) proceed at a median rate, the 
lowest quartile (exclusive of the very lowest percentile) pro- 
ceeding more slowly, and the highest quartile more rapidly. 
The system provides a flexibility far in advance of the ordinary 
one-rate-of-progress system, allowing for individual differ- 
ences in general intelligence. 

Little attention has been given as yet to the matter of in- 
dividualizing public education for children who show special 
talents or defects. Some years ago the superintendent of 
schools in Munich requested the teachers of certain grades 
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throughout the city, to ask each child to draw two sketches: 
one from a model, and the other a free sketch. These were 
sorted for the purpose of finding exceptional talent in drawing. 
A certain per cent of the children showing this special gift 
were sought out and encouraged. Particular attention was 
given to the development of their talents. 

Similar instances of official attempts to gauge and foster 
special talents are extremely rare. The experiment at Win- 
netka, Illinois, is of this order. In Winnetka there is a flex- 
ible promotion system, wherein pupils “pass” in a subject 
whenever they have completed the work therein. A pupil 
may be in different grades in different subjects. His whole 
school career need not be jeopardized by a single weakness, 
and if he has a special strength he is permitted to develop 
it as original nature would dictate. 

At first thought it might seem that a public school system 
would be thrown into confusion by such a scheme. In 
Winnetka there are thirty to thirty-five pupils in a classroom. 
How can programs be arranged to suit the needs of deviating 
children, without much extra equipment? 

Here it is necessary to recall that the majority of these 
children are typical. The middle 50 per cent of all children 
born deviate but slightly from the type of the race, in all 
their mental functions. They do not call for special adjust- 
ments. On either side of these, deviating more widely toward 
less and greater, run the remainder of the children, in very 
rapidly decreasing frequencies. Those who need a very 
wide latitude in school organization constitute possibly 20 
per cent of all, the highest 10 per cent, and the lowest 10 per 
cent, in general or special capacity. The problem does not 
seem so vast, when we recall the shape of the curve of distri- 
bution; and the comparative infrequency of extremely 
unusual children. 
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VI. THE COST OF FOSTERING INDIVIDUALITY 


The cost of individualizing education acts as a deterrent, 
even when the desirability is fully recognized. Compulsory 
education for all the children of all the people is expensive. 
A nation must be wealthy in order to carry it through. To 
maintain every child born into the social order for fourteen 
to sixteen years without earnings, and to pay from public 
taxation for his education for eight to ten or more of those 
years, is an enterprise upon which few societies of any time 
have ventured. Nevertheless, if democracy is to survive, 
and especially if it is to improve, as a form of government, 
universal education on a large scale is basic. Self-government, 
in the highly complicated environment which has been evolved, 
depends on literacy and other knowledge, requiring long in- 
struction, even for youth of average ability. 

What then of the great numbers of those who deviate in 
various degrees below the average in capacity for learning? 
The social order needs and will utilize their services. The 
economics of their presence in the republic is not a much 
more difficult problem than under other forms of government. 
It is the politics of their presence that causes concern under 
a democracy; for they are enfranchised, yet without learning 
they are political dependents. They stand at the mercy of 
any catch word tossed at them, with results which have raised 
on every hand an earnest searching of democracy. 

For example, this question has been raised: Is it possible 
for education to prepare the lower half of the distribution 
curve for self-government? Considering recent discoveries 
as to the mental capacity which characterizes the lower half 
of the population when adult, is it possible that education 
will ever be able to nullify the charlatan influence of dema- 
gogues, whose appeal is to prejudice and cupidity? These 
questions remain unanswered. In the meantime the great 
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experiment of compulsory education is under way. The ex- 
pense of it is kept down by teaching the children in large 
groups of thirty to fifty or over, the same lessons, in the same 
way, at the same time. 

What would be the actual money cost of providing for in- 
dividual differences in capacities, general and special? Few 
data to answer this question have been furnished. In Win- 
netka the cost of education is reported as not increased. 
This condition is doubtless exceptional. As previously stated, 
the money cost of individualizing education for the feeble- 
minded has been considerable. We have the figures from 
Cincinnati, and we derive from them that the cost of educating 
a feeble-minded child (one falling into the lowest one or two 
per cent in the distribution of general intelligence) in a spe- 
cial class, is over twice as great per annum as is the cost 
of educating an average child in the regular grades. For 
a feeble-minded child in a special class in Cincinnati, during 
the year 1917 to 1918, the money cost per annum was $83, 
while for a typical child in the regular grades it was $35. 

The increased cost results from the fact that when educa- 
tion is individualized, the number of pupils occupying a room 
and taught by a teacher is about fifteen, instead of the regular 
number of thirty to fifty. If, roughly, 20 per cent of all 
pupils deviate from the typical so extremely as to require a 
considerable amount of individual instruction for their wel- 
fare, it is difficult to see how they may be well served without 
a considerable increase in the money cost of education. 

Can the public afford to pay more than it now does? In- 
vestigations to answer this question are under way on a large 
scale. We need to know what our country can now pay, in 
order that we as educators may not commit the folly on the 
one hand of urging unwarrantable expenditure, nor on the 
other hand of failing to ask the appropriation of all that can 
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be spared for the development of individual capacity in the 
nation’s children. 


VII. THE PROBABLE REWARDS OF INDIVIDUALIZING EDUCATION 


Even the money returns from scientifically differentiated 
education would probably be great, aside from the increase 
in children’s happiness, in teachers’ enjoyment, and in adults’ 
satisfaction. The tangible values of individualized training 
might be nearly as great as its intangible values. 

When we reflect closely upon the source of wealth, we see 
that it comes from the attack of intellect upon the environ- 
ment. Apes have no wealth. Man has wealth only in so 
far as he acts upon selective thinking in regard to his environ- 
ment. A society gains wealth only in so far as it permits 
and encourages the use of innate capacities for attack upon 
the environment, which lie unequally distributed throughout 
the juvenile population. Any theory of wealth that fails to 
ground itself upon this fact will but destroy those who seek 
to practice it. 

No nation has ever yet shown what the full reward might 
be of adapting education to individual differences. Such a 
demonstration has been impossible hitherto, if for no other 
reason than that there was no known method of gauging 
children’s abilities scientifically. 

In the older social orders, where education was or is caste- 
bound, it is highly probable that on the whole education was 
and is more fairly adapted to individual differences than it is 
with us. Those barbarians who had much capacity for ab- 
stract thinking achieved by trial and success high-caste status, 
of which they ultimately became conscious. The aristocracy 
of older countries was not established by forces outside of 
human nature. The nobles were in the first place those 
who rose to power because they were stronger, more enduring, 
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and more capable of thinking than average men. Caste 
grew out of human nature itself. The majority of the nobles’ 
children were capable by heredity of abstract thinking, and 
of acquiring the education, which came finally through cen- 
turies to be provided for them. The majority of those who 
failed to achieve high-caste status before it became recognized 
as such were doubtless chiefly individuals who produced de- 
scendants, on the average ill-adapted to profit from the kind 
of education established for the children of the higher castes. 

In Great Britain, for example, where social organization 
was and is frankly based in theory and practice on caste 
(upper-caste status being, however, constantly kept open 
to adults of unusual achievement), Burt found that boys of 
upper-caste family, attending an exclusive high-class school, 
surpassed in all respects, in mental tests, sons of middle-class 
parents, of equal age, attending common schools. It is 
necessary, though outrageous to our prejudices, to face the 
fact that, in our own country (where caste is despised in 
theory and to some extent in practice), the median capacity 
of pupils in expensive private schools is well above the aver- 
age of the juvenile population at large. 

Caste-bound education in older civilizations recognizes 
innate individual differences to a considerable extent. Its 
injustice is that it does not recognize them completely. Caste 
takes account of individual differences due to heredity, but 
it does not regard those due to variation. Caste neglects 
to provide for the overlapping which occurs among the children 
of parents of different achievement levels. In a society 
founded formally on caste, there is no way provided for the 
appropriate education of gifted variants who occur in the 
lower castes, and for those of inferior ability born into the 
higher castes. Artificial barriers to natural achievement have 
arisen, because the consciousness of superior status was ac- 
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companied by jealousy of it as well. Revolt against this 
injustice to the minority (not recognized, however, as minor- 
ity by the rebels) led to the opposite injustice, which we see 
practiced in the schools of our own democracy. 

In the United States the theory was adopted that all men 
are created equal. All children must, therefore, be required 
to take the same education. Such a system violates individ- 
uality even more painfully and wastefully than the despised 
caste system of the older countries does. 

As scientific psychology improves the methods of testing 
for individual differences in children, it will become possible 
to educate each one according to his capacity for learning. 
It will be possible to conserve and develop the special apti- 
tudes of every child, regardless of race, sex, or circumstance. 
The humiliation and despair of chronic failure at prescribed 
tasks unsuited to capacity may be spared every child. 

Thus we come again to consider tests of innate educability 
in The Republic: “We must watch them from their youth 
upwards, and make them perform actions in which they are 
most likely to forget or to be deceived, and he who remem- 
bers and is not deceived is to be selected.”’ That will be the 
way. 
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